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Digital Computer Laboratory- 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 

SUBJECT: SHORT GUIDE TO CODING AND WHIRLY/IND I OPERATION CODE 

To: Group 61 and Applications Group 

From: Philip R. Bagley 

Date: September 2, 1952; Revised November .28, 1952 

Abstract: This note contains an up-to-date version of the Short Guide to 
Coding and the Whirlvdnd I Operation Code. 

FOREWORD 

The following definitions have been adopted and consistently 
adhered to: 

sequence : the numberical or other arrangement of a set of words stored 

or performed 
instruction ; a l6-digit binary word used to control the computer 
operatio BT the 5 digits of an instruction" which go to the operation 

control switch 
command : a control pulse from the control matrix 
process : an automatic manipulation initiated by a command 
modulo : (abbreviated "mod") A number p modulo q is defined as the 

numerator of the fractional remainder, when .p^ is ''divided by q 

Ex. 1: 60 mod 32. ~ ^^ 1 + ||, hence 60 mod 32 = 28 

Ex.. 2: 1.37 mod I. ^ = 1 + -f- ^^^^^ ^'^^ "^°^ ^ = •^'7 

SECTION 1. SHORT GUIDE TO CODING 
COMPUTER PROGRAMS 



Program . A program is a sequence of actions by v/hich a computer 
handles a problem. The process <of determining the sequence of actions 
is known as programming. 

\/ 

Flow diagrams . ' A flow diagram is a series of statements of what the 

computer- has 'to do at various stages in a program. Lines of flow indicate 

how the computer passes from one stage of the program to another. 
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Coded program . Programs and flow diagrams are somewhat idependent 
of computer characteristics, but instructions for a computer must be 
expressed in terms of a code. A set of instructions that ?;ill enable 
a computer to execute a program is called a coded program, and the 
process of preparing a coded program is known as coding. Individual 
coded instructions call for specific operations such as multiply, add, 
shift, etc, 

COMPUTER COMPONENTS 

Registers and words . A register has 16 digit positions, each able to 
store a one or a zero. A word is a set of 16 digits that may be stored in 
a register. A word can represent an instruction or a number. 

Arithmetic element . Arithmetic operations take place in the arithmetic 
element, v/hose main components are three flip-flop registers, the A-Register, 
the Accumulator, and the B-Register (AR, AC, and BR). The 16 digit positions 
of AR starting from the left are denoted by AR. 0, AR 1 ... AR 15. The digit 
positions of AC and BR are denoted in a similar fashion. Words enter AC 
through AR; BR is an extension of AC to the right. 

St orage . The term "register" by itself refers to the main electrostatic 
storage, which consists of IO24. registers, each of which is identified by an 
address. These addresses are 11-digit binary numbers from 32 to 1055, The 
computer identifies a register by its address. Electrostatic storage may at 
some future date be expanded to 204-8 registers, niwibered through 204.7. 

Input- out put . All information entering or leaving the computer is 

temporarily stored in the input-output register (lOR). The computer 

regu3-ates the flow of information between the internal storage and lOR, and 

also calls for any necessary manipulation of external units. 

Control element . The control element controls the sequence of computer 
operations and their execution. The control element takes the instructions 
one at a 'time from storage, v/here the instructions are stored as individual 
words . 

Inter-connections . The four main elements of the computer (storage, 
control, arithmetic, and input-output) are connected by a parallel communica- 
tions system, known as the bus. 

REPRESENTATION OF INSTRUCTIONS 

Operation section , 7/hen a word is used to represent an instruction the 
first (left-hand) 5 digits, or operation section, specify a particular 
operation in accordance with the operation code. 

Address section . The remaining 11 digits, or address section, are 
interpreted as a number with the binary point at the right-hand end. For 
the majority of instructions this number is the address of the register whose 
contents will be used in the operation. In the instructions slh, sir, srh, 
srr, clc, and clh, the number specifies the extent of a shift, and also an 
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additional variant, such as roundoff j in rs, rd, and re, the address section 
is not used. 

Example . The instruction ca x has the effect of clearing AC (making all 
the digits zero) and then copying into AC the word that is in the register 
v/hose address is x. If q is a quantity in some register, the operation needed 
to copy q in AC is not ca q but ca x » where x is the address of the register 
that contains q. 

REPRESENTATION OF NUI»ffiERS 

Single -Y 7ord representations . Y/hen a word is used to represent a number 
the first digit indicates^ the sign and the remaining 15 are numerical digits. 
For a positive number the sign digit is zero, and the 15 numerical digits with 
a binary point at their left specify the magnitude of the number. The nega- 
tive -y of a positive number y is represented by complementing all the digits, 
including the sign digit, that would represent y, (The complement is formed 
by replacing every zero by a one and every one by a zero.) In this way a word 
can represent any multiple of 2"^^ from -1 + 2"^^ to 1 - 2'" ■'-5, Neither +1 nor 
-1 can be represented by a single word. Zero has two representations, either 
16 zeros or 16 ones, which are called +0 and -0 respectively. 

Overflow — increase of range and precision . With single-word representation 
the range is limited to numbers between -1 + 2" "* and 1 - 2'-^^, Programs must 
be so planned that arithmentic operations v/ill not cause an overflow beyond this 
range. The range may be extended by using a scale factor, which must be 
a 30-digit number. Overflow will stop the computer in an arithmentic check 
alarm except where special provision has been made to accommodate the overflow 
(see sa operation), 

COMPUTER PROCEDURE 

Sequence of operations . After the execution of an instruction the program 
counter in the control element holds the address of the register from which the 
next instruction is to be taken. Control calls for this instruction and 
carries out the specified operation. If the operation is not S£ or c£ the 
address in the program counter then increases by one so that the next instruc- 
tion is taken from the next consecutive register. The S£ and cjd instructions 
permit a change in this sequential procedure, 

Tranfers, A transfer of a digit from one digit position to another 
affects only the latter digit position, whose previous content is lost. 

Zero, All sums and differences resulting in^ zero are represented as 
negative zero (1.111 111 111 111 111) except in the two cases: (+0) + (+0) 
and (+0) - (-0), The sign of a zero resulting from multiplication, division^ 
or shifting is in accordance with the usual sign convention. 

Manipulation of instructions . Words representing instructions, may be 
handled in the arithmetic element as numbers. 
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Procedtire In the arithmetic element . The execution of an addition 
includes the process of adding in carries; this process treats all 16 digits 
as if they were numerical digits, a carry from AC "being added into AC 15. 
(This compensation is necessary "because of the method of representing negative 
num"bers,) A su'btraction is executed hy adding the complement. Multiplication, 
division, scale factoring, shifting (hy not cycling) and roundoff are all 
executed with positive numbers, complementing "being performed before and 
after the process when necessary. For roundoff the digit in BR is effectively 
added into AC 15. 

BR . The final "binary value of digits which pass from AC to BR or vice 
versa as a resTilt of operations which multiply, divide, scale factor, or 
shift ("but not cycle) is determined "by the sign digit assigned to AC at the 
end of the operation. If the sign is negative the digits were in effect 
complemented as they crossed the digit-"boundary "between AC and BR. If the 
sign is positive no complement in,? occurred. The net effect is that a num'ber 
in BR is treated as a positive magnitude, the sign of the num"ber "being 
indicated "by the sign digit of AC. Therefore, if a number is to be recalled 
from BR for further operations, it is necessary to compensate for any change 
in the sign digit of AC which may have occurred after the number was placed 
in BR. . No complementing of any sort occurs in the execution of the cycle 
instructions, during which AC and BR may be considered a closed ring of 32 
digit positions. 

NOTATIOH FOR CODING 

Addresses . A coded program requires certain registers to be used for 
specified purposes. The addresses of these registers must be chosen before 
the program can be run on the computer, but for study purposes this final 
choice is unnecessary, and the addresses can be indicated by a system of 
symbols or index numbers. 

Writing a coded program . Reigsters from which control obtains instructions 
may be called action registers, and should be listed separately from registers 
containing other information, which may be called data registers. A coded 
program is written out in two coluimis: the first contains the index number 
of each action or data registers, and the second column indicates the word 
that is initially stored in that register. In many cases part or all of a 
word may be immaterial because the contents of the register in question will 
be changed during the course of the program. This state of affairs is indic6,ted 
by two dashes, for example, ca — . 

Conventional notation . In order to make a program more readily under- 
standable to others and more easily remembered by the author himself, it is 
desirable to write short descriptions of the functions served by certain key 
instructions and groups of instructions. It is also desirable to indicate 
breaks and confluences in the "flow" of the program and to indicate instructions 
which are altered or otherwise abnormally used during the program. Some 
generally accepted symbols fBr this purpose are exemplified and described below: 

120 td 124 

start ^ 121 ca 161" initial entry (i.e., start of program) 

122 td 132 
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139 — ^ 123 ca 181 re-entry point, showing origin of re-entry 

124 su(l82) address altered "by program, initial value shown 

125 sr 16 

126 pp 128 conditional short "break in consecutivity 



' (note other form "below) 

127 I ad 140 

128 ^ad 133 

129 ts\ address indicated "by arrow (e.g. address = 130 in 
'this case), used primarily at early stages of 
writing 

130 (ca217/cs217) word altered l)y program, alternative values 

shown 

131 sp 78 no hreak in consecutivity, despite sp operation, 

where a closed subroutine is called in 

(122,167) 132 ts (-) address altered "by program, initial value 

immaterial, locations of altering instructions 
shown, alternative values not shown 

133 ca 217 semi-pseudo instruction, serves "both as instructioi 

and numher 

134 .sp 95 short "break in consecutivity, used especially 
n„c ( fz where a closed subroutine with program 

\j parameters is called for 

136 ^x 114 

137 cp_141_ conditional "break in consecutivity (note short 

form a"bove) 

138 ts 114 

139 sp 123 hreak in consecutivity (note short form ahove) 



140 ||rs pseudo-instruction, serves only as a number, 
not as instruction 

137, 171- ^ 141 ts 171 entry point, showing origins of entry 

The a'b"breviations RC. OR . A'b"breviations used in referring to the 
register that contains a certain v/ord or the word in a certain register are 

RC . . , = (Address of) register containing . , . 

OR . . . = Contents of register (whose address is) . . . 
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The symljol si x » When an address forms part of an instruction it is 
represented "by the last 11 digits of a word whose first 5 digits specify an 
operation. An address that is not part of an instruction is represented "by 
the last 11 digits of a word whose first 5 digits are zero, which is equivalent 
to specifying the operation si. Thus the word for an unattached address x 
may "be written si x . It may also he v;ritten as "be or as "be X 2" *^. 

SECTION 2. WHIRLWIND I OPERA.TIOF CODE 



NOTES OH THE OPERATION CODE 

Introduction . The Whirlwind I Operation Code has been rewritten to 
hring it up-to-date, and to incorporate all notes, wherever possible, with 
the specific operations to which they apply, regardless of the undue repetition. 
Included under each operation are the average time of execution, the function, 
the contents (if altered) of AC, BR, AR, lOR, SAM, and register x after the 
operation, and possible alarms. 

Abbreviations . The abbreviations used are the following? 

AC = Accumulator lOR = In-Out Register 

AR = A-Register ES = Electrostatic Storage 

BR = B-Register x ^ address of a storage register 

SAM = Special-Add Memory n = a positive integer 

Contents of various registers ^ The contents of AC, BR, AR, lOR, SAM, 
and the register whose address is x are undisturbed unless the contrary is 
stated. 

Alarms. Arithmetic check, divide error, and check register alarms due 
to programming cannot be caused except as specifically noted. M-1623, 
"Programming for In-Out Units" discusses in-out alarms. 

Execution times . The times given are average times for the execution 
of single instructions which are stored in ES and which refer to addresses 
in ES. Further details are given in M-1623 and in E-340. 

In-Out Operations . Operations which call for the transmission of informa- 
tion to and from various units of terminal equipment termed "in-out operations," 
are described briefly in the Operation Code. Details of the actiml applica- 
tion of these operations (si., bi, rd, bo, and re) appear in M-1623. 

Three-letter operations . The three-letter operations slh, sir , srh j 
srr, clc, and clh utilize part of the address section of the instruction 
(namely, digit 6) to specify the operation. If an address is inserted in 
one of these instructions by a ta or td operation, care must be taken to 
maintain the presence or absence of digit 6 in the address of the modified 
instruction. The two-letter designations, si, sr, cl., are ambiguous and 
cannot be used in programs, but they may be used in general descriptions 
and comments. 
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Operation Fimctlon Uumber Binary Time 

si T>q r select In-out unit /stop 40 00000 45 micro sec si 

Stop any In-out unit that may "be running. Select a particular In-out 
unit and start it operating In a specified mode, designated "by the digits 
p q r ; or, stop the computer, si will stop the computer; si 1 will stop 
the computer only if the "Conditional Stop" switch is ON, An in-out alarm 
may subsequently occur if the computer is not ready to receive information 
transmitted to it from the selected in-out unit. A transfer check alarm 
may result from the use of an Illegal gi address. For further details, see 
M-1623, "Programming For In-Out ISiits." 

rs X reset , ftl 00001 30 microsec rs 

Reset any flip-flop storage registers connected to the "reset on rs" 
circuit. 

hi X "block transfer in §2 00010 (see M-1625) "hi 

AYAILABLE ABOUT JAN. 1953 

Transfer a block of n words or characters from an in-out unit to ES, 
where register x is the initial address of the hlock in ES, and + n times 
2" is contained in AC. The computer is stopped while the transfer is taking 
place. After a hlock transfer, AC contains the address which is one greater 
than the ES address at which the last word was placed* AR contains the initial 
address of the hlock in ES. Fur further details, see M-1623, "Programming 
For In-Out Units." 

rd X read |[3 00011 30 microsec rd 

Transfer word from lOR to AC, then clear IQR, (Wait, if necessary, 
for Information .to arrive in lOR from an in-out unit.) Contents of AR is 
Identical to contents of AC . The address section of the instruction has 
no significance. For further details, see M-1623. 

ho X hlock transfer out #4 00100 (see M-1623) ho 

AVAILABLE ABOUT JAN. 1953 

Transfer hlock of n words from ES to an in-out \mit, where x is the 
initial address of the hlock in ES, and + n times 2"^^ is contained in AC, 
The computer is stopped while the transfer is taking place. After the hlock 
transfer, AC contains the address which is one greater than the ES address 
from which the last word was taken and stored; AR contains the initial 
address of the hlock in ES. For further details, see M-1623, "Programming 
For In-Out Units." 
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' c' ■ .f - .) 

Operation Function Huniber Binsoy Time ^ ' 

ro X record j|5 00101 30 micro sec re 

Transfer contents of AC -viia lOR to an in-oub unit. lOR is 
cleared only after an r£ used as a display instructiono The address 
section of the instruction has no significance. For further details, 
see M-1623, "Programming For In-Out Units." 

ts X transfer to storage ^S 01000 86 microseo ts. 

Transfer contents of AC to register i. The original contents 
of X is destroyed. 

td X transfer digits #9 01001 86 microseo . td 

Transfer last 11 digits of AC to last 11 digit positions of 
register x. The original contents of the last 11 digit positions 
of register x ig^destibpydda 

ta X transfer address #10 01010 86 microseo ta 

Transfer last 11 digits of Afi to last 11 digit positions of 
register x. The original contents of the last 11 digit positions of 
register x is destroyed «» The ta operation normally follosrs an s£ 
or s£ operation. 

ck X check #11 01011 48 microseo ck 

^Compare contents of AC -with contents of register Xo If contents of 
AC is iddntioal to contents of register x, proceed to next instructions 
otherwise stop the computer and give a "check-register alarm." ("K) is not 
identical to -O), 

ex X exchange #13 01101 86 microseo ex 

Sxchange contents of AC with contents of register x (original 
contents of AC in register x, original contents of register x in 
AC and AR). ex -will clear AC without cleafing BR. 

op X conditional program #14 OHIO 30 microseo cp 

If number in AC is negative, proceed as in S£. If number in AC 
is positive, proceed to next instr:uction, but clear the AR. 

sp X subprogram #15 01111 30 microseo sp 

Take next instruction from register x. If the S£ instruction i»as 
at address y, store y 4- 1 in last 11 digit positions of ARa All of the 

original contents or AH is lost. 

ca X clear and add #16 10000 48 microseo ca 

Clear AC and BR, then obtain contents of SAM (-fi^l, 0, or -l) times 2 
and add contents of register x, storing result in ACo The contents of 
register x appears in AR. SAH is cleared^ Overflow may occur, giving an 
arithnetic chsck alarm o 
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Operation Funotion Kuniber Binary Tima 

OS 3c clear and subtract #17 10001 48 mioroaeo os 

Clear AC and BR^ then obtain contents of SIK (4-1^ 0^ or -l) 
times • 2*15 and subtract contents of register x, storing result in 
AC« The contents of register x appears .In AR. SAM is cleared* 
Overflow may occur, giving an arithmstia check alarm« 

ad X add #18 10010 48 microseo ad 

Add the contents of register x to contents of AC, storing result 
in AC« The contents of register x appears in AR* SAM is cleaned* 
Overflow may occxir, giving an arithmetic check alana. 

su X subtract #19 10011 48 microseo 8U 

Subtract contents of register x from contents of AC, storing 
result in AC. The contents of register x appears in AR« SAM is 
cleared* Overflow may occur, giving an arlthnetio check alarm* 



cm X clear and add magnitude #20 10100 48 microseo om 

Clear AC and BR, then obtain contents of SAM (4-I, 0, -l) 
times 2"15 and add magnitude of contents of register x, storing 
result in AC. The magnitude of the contents of register x appears 
in AR* SAM is cleared* Overflow may occxari giving an arithmetic 
check alarm* 

sa X special add #21 10101 48 microseo «a 

Add conten.ts of register x to contents of AC, storing result in 
AC and retaining in SAM any overflow (including sign) for use with 
next ca, os, or cm instruction* Between sa eLnd the next ca, cs, or cm, ' 
for wHchTiie sa"Ts a preparation, the use of any instruction which 
clears SAM wilTresult in the loss of the oviarflow, with no other 
effect on the normal function of the intervening operation* (In 
addition to ca, os, and cm, the following operations clear SAMs 
ad, au, £a, ao, dm, mr, ^, dv, £l, sr, and sf *) If the overflow 
resulting from the sa is to be disregarded, care must be taken to 
destroy it before tSe next ca, os, or an instruction* The content* 
of register x appears in AR* SAM is cleared before, but not after, 
the addition is performed* 

a o X add one #22 10110 86 microseo ao< 

Add the number 1 times 2** to contents of register x, storing 
the result in AC and in register x* The original contents of register x 
appears in AR* SAM is cleared* Overflow may occur, giving an arithmetic 
check alarmo 
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Operation Function Number Binary Time 

dm X difference magnitudes #23 10111 U8 microsec dm 

Subtract the magnitude of contents of register x from the magni- 
tude of contents of AC^ leaving result in AC, The magnitude of contents 
of register x appears in AR. SAM is cleared. 

mr X multiply and roundoff #2U 11000 6^ microsec rar 

Multiply contents of AC by contents of register x. Roundoff 
result to 15 significant binary digits and store it in AC. Clear BR. 
The magnitude of contents of register x appears in AR. SAM is cleared, 

mh X multiply and hold #2^ 11001 6^ microsec. mh 

Multiply contents of AC by contents of register x. Retain the 
full product in AC and the first 1^ digit positions of BR, the last 
digit position of BR being cleared. The magnitude of contents of 
register x appears in AR, SAM is cleared. 

dv X divide #26 11010 120 microsec dv 

Divide contents of AC by contents of register x, leaving I6 binary 
digits of -the quotient in BR and "J^ in AC according to the sign of the 
quotient. The instruction sir 15 following the dv operation will round- 
off the quotient to 1^ binary digits and store it in AC, Let u and v be 
the numbers in AC and register x respectively when the instruction 
dv X is performed. If |u|^ |v|, the correct quotient is obtained and no 
overflow can arise. If | ul> |v|, the quotient exceeds unity and a divide- 
error alarm will result. If u= Vt^ 0, the dv instruction leaves I6 
ones in BR5 roundoff in a subsequent sir 1$ will cause overflow and give 
an arithmetic check alarm. If u = v = 0, a zero quotient of the appropriate 
sign is obtained. The magnitude of contents of register x appears in AR. 
SAM is cleared, 

sir n shift left and roundoff #2? 11011 Ul microsec si 

Shift contents of AC and BR (except sign digit) to the left n 
places. The integer n is treated modulo 32; digits shifted left out 
of AC 1 are lost. (Shifting left n places is equivalent to multiplying 
by 2^, with the result reduced modulo 1.) Roundoff the result to 1$ 
binary digits and store it in AC, Clear BR, Negative numbers are 
complemented before and after the shift, hence ones appear in the 
digit places made vacant by the shift of negative number. Digit 6 
(the 2° = ^2 digit of the address) of the instruction sir n must be 
a zero to distinguish sir n from slh n described below. The instruction 
sir simply causes roundoff and clears BR, SAM is cleared. Roundoff 
may cause overflow, with a consequent arithmetic check alarm. 
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Operation 


Function 


Number 


Binary 


Time 


slh n 


shift left and hold 


#27 


11011 


Ul microsec 



slh 

Shift contents of AC and BR (except sign digit) to the left n 
places. The integer n is treated modulo 32; digits shifted left out of 
AC 1 are lost. (Shifting left n places is equivalent to multiplying by 
2^, with the result reduced modulo 1.) Do not roundoff nor clear BR. 
Negative numbers are complemented before and after the shift, hence ones 
appear in the digit places made vacant by the shift of a negative number. 
Digit 6 (the 2^ = ^12 digit of the address) of the instruction slh n must 
be a one to distinguish slh n from sir n described above. SAM is 
cleared. 

srr n shift right and roundoff #28 11100 kl microsec srr 

Shift contents of AC and BR (except sign digit) to the right n 
places. The integer n is treated modulo 32; digits shifted right out 
of BR 15 are lost, (Shifting right n places is equivalent to multiplying 
by 2-^,) Roundoff the result to l5 binary digits and store it in AC. Clear 
BR. Negative numbers are complemented before and after the shift, hence 
ones appear in the digit places made vacant by the shift of a negative number. 
Digit 6 (the 2^ = 5l2 digit of the address) of the instruction srr n must be 
a zero to distinguish srr n from srh n described below. The instruction 
srr simply causes roundoff and clears BR. SAM is cleared. Roundoff 
(in a srr O ) may cause overflow, with a consequent arithemetic check alarm. 

srh n shift right and hold #28 11100 Ul microsec srh 

Shift contents of AC and BR (except sign digit) to the right n 
places. The integer n is treated modulo 32; digits shifted right out of 
BR 15 are' lost, (Shifting right n places is equivalent to multiplying by 
2°°^o) Do not roundofi the result nor clear BR. Negative numbers are 
complemented before and after the shift, hence ones appea.r in the digit places 
made vacant by the shift of a negative number. Digit 6 (the 2^ = ^12 digit 
of the address) of the instiniction srh n must be a one to distinguish srh n 
from srr n described above. SAM is cleared. 

sf x scale, factor #29 11101 97 microsec sf 

Multiply the contents of AC and BR by 2 sufficiently often to 
make the positive magnitude of the product equal to or greater than 1/2, 
Leave the final product in AC and BR. Store the number of multiplications in 
last 11 digit places of AR and register x, the first 5 digits being 
undisturbed. If all the digits in BR are zero and AC contains + 0, the 
instruction sf x leaves AC and BR undisturbed and stores the number 33 
times 2"-^^ in the last 11 digit positions of AR and register x. Negative 
numbers are complemented before and after the multiplication (by shifting), 
henc.e ones appear in the digit places made vacant by the shift. SAM is 
cleai3d. 



61 

Memorandum l'i-l62k-l -n no 

Page 12 

Operation Function Number Bina ry Time 

clc n cy cle left and clear (BR) #30 11110 Ul microsec clc 

Shift the full contents of AC and BR (including sign digit) to the 
left n places. The integer n is treated modulo 32; digits shifted left 
out of AC are carried around into BR 1^ so that no digits are lost. 
Clear BR« No roundoff. With the clc operation there is no complementing 
of AC either before or after the shift; the actual numerical digits in AC 
and BR are cycled to the left. The digit fina!l,ly shifted into the sign 
digit position determines whether the result is to be considered a positive 
or negative quantity. Digit 6 (the 2° = ^12 digit of the address) of the 
instruction clc n must be a zero to distinguish clc n from clh n described 
below. The instruction clc simply clears BR without affecting AC. 

clh n cycle left and hold #30 11110 Ijl microsec clh 

Shift the full contents of AC and BR (including sign digit) to the 
left n places. The integer n is treated modulo 32; digits shifted left out 
of AC are carried around into BR 1^ so that no digits are lost. With the 
clh operation there is no complementing of AC either before or after the 
shift; the actual numerical digits in AC and BR are cycled to the left. The 
digit finally shifted into the sign digit position determines whether the 
result is to be considered a positive or negative quantity. Digit 6 
(the 2" = ^12 diHt of the address) of the instruction cJii n must be a one 
to distinguish clh n from clc n described above. The instruction clh 
does nothing. 
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ALPHA.BETIC LIST OF OPERATIONS 

This is an alpha"betic list of Whirlwind operations, including operations 
and designations which have hecome ohsolete since 1950. 



Operation Numher Remarks 



Operation Uumher Remarks 



ad 


18 




ao 


22 




bi 


2 




ho 


4 




ca 


16 




ck 


11 




cl 


2 


now clc 


cl* 


2 


now clh 


clc 


30 




clh 


30 




era 


20 




cp 


14 




cs 


17 




dm 


23 




dv 


26 




ex 


13 




mh 


25 




mr 


24 




qd 


7 


ohsolete 


qe 


13 


now ex 


qf 


23 


ohsolete 


qh 


6 


ohsolete 


ql 


2 


now clc 


ql* 


2 


now clh 



qm 

qp 
• qr 

qs 
re 

rd 

ri 

rs 

sa 

sf 

si 

si 

si* 

slh 

sir 

sp 

sr 

sr* 

srh 

srr 

su 

ta 

td 

ts 





31 

30 

12 

5 

3 



1 

21 

29 



27 

27 

27 

27 

15 

28 

28 

28 

28 

19 

10 

9 

8 

Signed, 



Approved. 



now dm 
ohsolete 
ohsolete 
ohsolete 



ohsolete 



now sir 
now slh 



now srr 
now srh 
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ABSTRACT 
The representation of decimal numbers in the binary 
system and the processes of binary arithmetic are explained. 
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THE BIHARY SYSTEM OF HUMBBRS 



I. REPRESEHTATION OF NUMBERS 

The deoimal system takes its name from the fact that it is based 
on ten digits (O^ X^ . • • • • 9) and all numbers are composed of those 
10 digits. The "binary system, analogously, takes its name from the fact 
that it is based on 2 digits ,,v?{0V<^55>^4adljaiBAiimWM« ^to^^ 

xofLdh up' oi thb»er2odi§itB. The decimal system has a base of 10; the binary > 
system has a. base of 2. 



Deoimal 




Binary 


System 


Equivalence 


System 


1 


1x10° 


1 


2 


2x10° 


10 


3 


3x10° 


11 


4 


4x10° 


100 


5 


5x10° 


101 


6 


6x10° 


no 


7 


7x10° 


111 


8 


8x10° 


1000 


9 


_ 9x10° 


1001 


10 


IxlOf- + 0x10° 
Ixld?- + 1x10° 
Ixlof- + 2x10° 
IxlOr + 3x10° 
Ixiof- + 4x10° 
Ixiof- + 5x10° 
Xxiof- + 6x10° 
IxlO-- + 7x10° 
?xlO:^ + 0x10° 


1010 


11 


1011 


12. 


1100 


13 


1101 


14 


1110 


15 


nil 


16 


10000 


17 


10001 


m 


lOlOQ 



1x2 
1x2 
1x2' 



Equivalence 










1 1^2° 

1x2:: + 0x2 

1x2^; + 1x2° 
0x2^ + 0x2° 
0x2^" + 1x2 
1x27 + 0x2° 
1x27 + 1x2° 
0x2^ + 0x2° 
0x2^" + 1x2° 
1x2:: + 0x2 
1x2^- + 1x2° 
0x2^+ 0x2° 
0x2^ + 1x2 
1x2^" + 0x2° 
1x25; + 1x2° 
0x2^" + 0x2° 
0x2^ + 1x2° 
0x2 + 0x2 


s 


1 






= 


2 




1x2^ + 

1x2; + 

1x2; + 

1x2; + 

+ 0x2^ + 

+ 0x2^ + 

+ 0x22 + 

+ 0x2^ + 

+ 1x2; + 

+ 1x2^ + 

+ lx2p + 

+ lx2p + 

+ 0x2^ + 

+ 0x22 "*■ 
+ 1x2 + 


=s 


3 




= 


4 




= 


5 




=s 


6 


1x2^ 

1x2° 

1x2^ 

1x2^ 

1x2^ 

1x2^ 

1x2^ 

1x2? 

+ 0x2^ 

+ 0x2^ 

+ 0x2^ 


= 


7 


= 


8 


= 


9 


= 


10 


= 


11 


= 


12 


= 


13 


= 


14 


= 


15 


= 


16 


= 


17 


= 


20 



Decimal numbers, since they have a base of 10, may be broken up into 
potfrers of 10: 

e.g. 305.798 = 3x10^ + 0x10^ + 5x10° + 7xl0'^ + 9xlO"^ + 8x10*"^ 

In the same way, binary numbers, since they have a base of 2, may be broken 
up into powers of 2: 

e.g. 101.011 = 1x2^ + 0x2^ + 1x2° + 0x2"^ + 1x2"^ + 1x2"^ 

It can be seen from this arrangement of the powers of the bases ^ thttt the 

.decimal places (units , tens , hundreds , tenths, hundredths, thousandths, etc.) 

have a definite relation to the powers of the base 10 in the decimal system. 
They are numbered pff consecutively from left to right, from + eo to - po , 
these numbers corresponding exactly with the powers of the base 10; the decimal 
point is placed between the units (O) place and the tenths (-1) place. 

The binary places (units, twos, fours, eights, sixteens, halves, 
fourths, eighths, etc.) are also numbered exactly according to the powers of 
the base 2; the binary point is placed between the units (O) place and the 
halves (-1) place. Therefore, the place and point arrangement is the same 
in both decimal and binary systems. 
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Deoimal Plaoe and 
^^Bija&ry Place No. 

Nol ""^■""■■■~-^-— ^:_^ 


1 + oc . 


» • ^ 2^ X^ 0« 


-1, 


-2, 


-3, . 


• • — oo 


305.798 
101.011 




3 5. 
1 1. 


7 



9 
1 


8 
1 





II. CQMVERSIOU OF DECIMAL NUMBERS TO BIMARY NUMBERS 

In order to convert a number from the decimal system to the binary system, 
the number must be changed from powers of 10 to powers of 2; therefore, the powers 
of 2 are taken out of the decimal number i They may be taken out as follows in 
a brute-force manner, or more simply as shown later in an algorism. Follow the 
work sheet at the end of the examples • 



a* Integers . 

Exan^le 1 Giveni 

To Find: 
Method: 



18 

Binary Equivalent (First Method) 

Extraction of Powers of 2. 



Take out of the decimal number, 18, the highest power of ■ . 
2, = 16 = 2 . A 1 is now placed in binary place No. 4, corre- 
sponding to the power of 2 found. Subtracting 16 from 18 leaves 
t* The highest power of 2 in 2 is 2^ = 2; therefore, put a 1 in 
binary place No. 1. Subtracting 2 from 2 leaves 0, so the con- 
version is completed. SISnce^c4;ii2iavjikvwtera)it;hjSuonlyip^^^ in the 
igiwen::;numb6rV^i^-».^ppeaEro:9lyoin binary ft¥\4oj»; J.?>^,h60®f^ioi®Ji*s 
of the"rnon#sipp6apingi:pdwers must have been zero, so zeros are entered 
under all the other binary place numbers . 

Exan^le 2 Given: 730 

To Find: Binary Equivalent (First Method) 
Method: Extraction of Powers of 2. 

9 
The highest power of 2 in 730 is 2 = 512, so a 1 goes in No. 9 

730 - 512 = 218 

The highest power of 2 in 218 is 2 = 128, " 

218 - 128 = 90 

g 

The highest power of 2 in 90 is 2 

90 - 64 = 26 

.4 



n tt 



The highest power of 2 in 26 is 2 = 

26 - 16 = 10 

3 
The highest power of 2 in 10 is 2 - 

10 - 8 = 2 



The highest power of 2 in 



2 is 2-'- = 



64, " 
16, *• 
8, " 
2, " 



No. 7 



No. 6 



n It 



n ft 



« n 



No. 4 



No. 3 



No. 1 



No other powers of 2 appear so their coefficients must be zero. 
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Place No. 




1 






















^&:^^^^ 


10 


9 


8 


7 6 5 4 3 2 10. 


■'*3?"/. 


::-2 


-3 


-4 


-5 


-6 


-7 


-8 


18 











10 1 0. 


























730 




1 


1 





110 110 10. 


























0.147 











0. 








i 








1 





1 



A simpler method of conrer^ion of decimal Integers to binary integers 
is shom in the following algorism. Powers of 2 are taken out of the decimal 
number by successive divisions by the base 2. The remainders after successive 
divisions of the nimber (and its quotients resulting from successive divisions 
by 2) indicate the cofffi^^ietotsoi&f i.the powerso 

Using the same examples: 

Given: Decimal Number 18 

To Find: Binary Equivalent (Simpler Method) 

Method: Algorism 

If there is a 0*s power of 2,(2 ) contained in the number, its 
presence will be indicated by a remainder after the first division of 
the given number by 2. If there is a l*s power of 2 (2^) contained 
in the number, its presence will be indicated by a remainder after 
the first division of the resulting quotient by 2. If there is a 
2^ contained in the number its presence will be indicated by a 
remainder after the next division of the resultant quotient by 2, 
etc. That is, the coefficients of the powers of 2 are the remainders 
after successive divisions. 



2 ) 18 
2i__9, 
2l_4 
2 ) 2 
2L_1 



dividend 
quotient 
quotient 
quotient 
quotient 
quotient 



This same algorism may be 
decimal number 730 to a binary 



reme^inder = coefficient 0x2 

1 remainder = coefficient 1x2 

2 
remainder = coefficient 0x2 

3 

rema,inder = coefficient 0x2 

4 

1 remc^inder = coefficient 1x2 

applied to the conversion of the 
number: 



2) 


730 


2) 


365 




182 




91 




45 




22 




11 




5 



6x2 



0x2 




= 730. 
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b. FfactiTOB 

Given: .147 

To Finds Binary Equivalent ' 

Method I Extraction of Poirers of 2 

—3 
The highest poirer of 2 in •147 is 2 ^ .125 so a 1 goes in Ko«-3 

.147 - .125 = .022 

-4 
The next poirer of 2 in order is 2 = .0625^ but this povrer of 2 

is not contained in .022^ so coefficient of the (-4) place = 0. 

2"^ = .03126; not in .X)22, so in Ho. (-5). 

2"^ = .015625; is in .022, so 1 in No. (-6). 
.022 - .015625 = .006375 

2 = .0078125; not in .006375, so in Ho. (-7), etc. 



That method of converting a decimal to the binary system always 
works, but iib is laborious and offers many chances for mistakes in the 
division and subtraction of such long numbers. 

There is another method based on the same principle of taking out 
powers of 2, which, however, is much sinqoler. Given a decimal: — by the 
former method, if it is larger than 2"^ (=*5), a 1 goes in the -1 place; 
if the number (or the remainder after subtraction of .5) is greater than or equal 
to .25 (=2*^), a 1 goes in the -2 place. However, it is the same thing to say 
if twice the given decimal is larger than 2 x 2~^ (=l)> a 1 is put in the 
-1 place; if 4 times the given decimal i? larger than 4 x 2"^ (=l)^ a 1 is put 
in the -2 place. If 8 times the given decimal is larger than 8 x 2"^ (=l), 
a I is put in the -3 place. This is the same thing as doubling the number 
(or its remainder after a power of 2 is taken out) at each step and coo^aring 
it with 1* If the result becomes greater than 1, a 1 is taken out, and the 
doubling process starts again on the remainder. 

Given: .147 

To Find: Binary Equivalent 

Method: /.; Algorism > 

The former method started out by asking: 

is .147 ^ .5? (If so, a 1 goes in No. -1> if not, a goes in -1.) 

is .147 ^.25? ( " " I, « It « Ho. -2; " " " " " " -2.) 

isa47>.125? (" " "" " " No. -3; " " "" " " -3.^) 
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This method starts out by asking: 

is 2(.147) > 1? (If so a 1 goes in No. -Ij if not, a goes in -1.) 
is 2x2 (.147) ^1? (." 
is 2x2x2( ol47) ^1? ( " 



n n n 



n n n 



" No. -2; 
" No. -3; 



tt n 



It n 



" -2.) 
" -3.) 



1, therefore, in No. — 1 



" No. -2 
" No. -3 



2(.147) = .294 

2 X 2(.147) = o588 ?^ 1, 

2 X 2 X 2(.147) = 1.176 :>;1, 

(1.176 - 1.000 = .176) 

2(.176) 

2 X 2(.176) = 

2 X 2 X 2 (.176) = 

(1.408 - 1.000 = .408) 

2(.408) = .816 "^ 1, therefore, in No. -7 

2 X 2(.408) = 1.632 rs' 1, " 1 " No. -8, etc. 



.352 =1 1, therefore, 
.704 ^1, " 
1.408 ^1, " 



in No. -4 

" N0...-5 

1 " No. -6 



This result checks with that shown in detail above. It can also be i shown 
that if a decimal repeats itself in the decimal system, it also repeats itself 
in the binary system. This method is shown more compactly below: 



0.147 




0.294 


.0 


0.588 





1.176 


1 


0.352 





0.704 





1.408 


1 


0.816 





1.632 


1 


1.264 


1 


0.528 





1.056 


1 


0.112 






III. CONVERSION OF BINARY NUMBERS TO THE DECIMAL SYSTEM 

Given a number in the binary system, it is always a simple matter 
to convert it to the decimal system. The converted number is simply the sum 
of the powers of 2 whose presence in the given number is indicated by l*s in 
the corresponding binary places. 



Binary 
Place 



5 4 3 2 1 0. -1 -2 -3 -4 



Decimal 
Equivalent 



10 110 1. 







1x2^+1x2^ + 1x2^ + 1x2° + 1x2"^ + 1x2"^ 



32 + 8 



+ 4+1 
45.3125 



+ .25 + .0625 = 



The coefficients of the other powers of 2 are zero, so they do not 
contribute to the converted number. 
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17. ARITHMETIC 

a* Addltiofi 

Sinoe 1 is the largest digit in the binary system^ it is evident that 
any sum larger than 1 must be represented with the aid of carryovers* Therefore ^ 
no matter howr many I's are added up in one column^ the result under that column 
must be a or a 1) the rest of the avaa. is carried over in its binary notation 
and set up at the head of the adjacent columns to the left as carryover figxires. 
Thus^ if a sum of l*s in a column adds up to 6 (ivhich is 110 in the binary 
notation) a is put at the bottisaLiof:)^ec column and' thettvoll^BrBrer.put id^^t^ 
head of adjacent columns to the left as carryovers* This is the same as 
adding the l*s in binary fashion at each step of the colximnar addition. 

(1 + 1 = 10; 10 + 1 = llj 11 + 1 = 100; 100 + 1 = 101; 101 + 1 = 110 = 6) 



e.g. 



1 

1 

10 



11 


I.OIO 


2 


t 
t 

11 


3 


t 
111 


7 


t 

moil 


59 


1 


1 


1 


1 


1 


101 


^ 


110111 


55 


2 


11 


Z 


100 


4 


1100 


12 


1110010 


114 



(The small numbers above the examples are carry-over figures put in for ease 
in following the addition procedure.) 



e.g< 



t f 
t 




fo 
ft 




ill 


7 


111 


7 


Oil 


3 


110 


6 


101 


5 


Oil 


3 


001 


1 


111 


7 


100 


4 


010 


2 


111 


7 


,100 


4 



11011 27 



11101 29 



or, more easily: 



111 


7 


oil 

1010 


3 
10 


101 


5 
15 


001 
10000 


1 
16 


100 


4 


10100 


20 


111 


7 



111 


7 


110 


6 


1101 


131 


Oil 


3 


10000 


16 


1111 


7 


10111 


23 


010. 


2 


11001 


25 


100 


4 



Addends 



11011 27 



11101 29 



Sum 



Subtraction 



Subtraction is based on the following rules: 



from 1 always gives 1, and 1 from always gives 1, but the latter requires 
"borrowing" from the first column to the left. A 1 in the first column to the 
left is reduced to ly borrowing; a in the first column to the left is 
reduced to 1, causing the digit in the second column over to be reduced, etc. 

O O, O* t o 01 to o 

10 21 VIOO 4 ; -1000 18 1' ; 1110 1140 141001010 174 Minuend 



»1 -1 
1 1 



100 
-1 -1 



Oil 



0111 



-1 -1 
7 



li >1 -0111101 -61 

1101 13 0001101 13 



Subtrahend 
Remainder 
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The louill nunbers shovr hair the digits are ohaziged b^ borrowing o. See also 
Subtraction u nder "Complements". 

0*. Ifaltiplication 

Kultiplication in the binary system is done exactly as in the decimal 
systtK and if based on the multiplication ta-ble x 1 = O9 1 x 1 = 1> x = 0. 



lOlOli 
101110 
000000 
101011 
101011 
101011 
000000 
101011 
11110111010 



or 101011 

101110 

1010110 

. 101011 

lOOOOOOiEO 

loioii 

1001011010 
1010110 
11110111010 



43 =2^+2^ + 2p + 2? 
46 = 2^ + 2^ + 2^ +^r 



258 
172 



1978 



Multiplicand 
Multiplier 



Product 



.10 



.8 



1978 = 2 + 2 + 2 + 2 + 2+2 +2 +2" 



d. Divis ion 

Division in the binary system io carried out exactly as in the 
decimal system. ' 



ir"r-= 1 



IT 



= 



0111.1100100001011001 

10111 j lOllboll. 6600000066600066 
10111 
0101011 
10111 
0101001 
, . 10111 



0100100 
10111 
0011010 
10111 



00011000 
10111 



0000100000 
110111 
00100100 
10111 
0011010 
10111 



11000 

10111 

0001 



7.782608 
23) 1V9.666666 
161 
180 
161 



190 
184 



60 
46 



140 
138 



200 
184 



Check on Quotient 



z'^z" 



+ 2 



-1 

;-2 

;.io 

:-i2 

;.i3 
:-i6 



7- 
.5 
.25 

.031250 
.000976 
.000244 
.000122 
.000015 

7.782607 



it should be notad that in order to get the decimal equivalent of the 
binary quotient to equal the decimal quotient to 5 decimal places^ the binary 
division had to be carried to 16 binary places. 
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o* Complements 

The ordinary complement of a number in the decimal system is 
obtained ly subtracting the number from the next higher power of 10: e.g. 
complement of 18 = 100 - 18 = 82. The ordinary complement 6f a number in the 
binary system Id obtained by subtracting the number from the next higher power 
of 2s e.g. complement of 5 = 2^ - 5 = 8 - 5 = 3. It can be shown that the 
ordinary complement of a power of 2 is that power of 2 itself. S^e Example 3. 

Another kind of complement of a niimber is obtained by subtracting 
the number from any higher power of 2. Notice its use under "Complements , 
(Subtraction Using Complements). 



1 . 1 i 



-• (1) 

GiTeni- ■ 100101 



101010 



(3) 
100000 



To Find: Binary Complements 

Method; Subtract from next higher power of 2 



(1) 1000000 64 
-100101 -37 



0011011 27 



(2) 1000000 64 
-101010 -42 

00010110 22 



(3) 1000000 64 
-100000 -52 

0100000 32 



Another method for finding the ordinary complement of a n\amber 
in the binary system is to interchange all 0*8 and l*s and add 1. 



Given: 


(1) 
100101 


(2) (3) 
101010 100000 


To Find: 


Binary Complements 




Method: 


Inter chang 


e 0*s and 


I's and add 1. 




(1) 


No. 


100101 

011010 

1 

011011 


number 

interchange 0*s and l*s 

add 1 

complement 




(2) 


No. 


101010 

010101 

1 

01011(1) 


n 




(3) 


No. 


100000 

011111 

1 


" 



lOOOOQ 
These results check with those above. 
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f. Subtract ion Using Complements 

Instead of subtracting one number from another^ it is possible to 
take a complement of the subtrahend and add that complement to the minuend^ 
prorided the power of 2 iihioh was added td the subtre^end in order to get 
a complement is subtracted from the answer « Practically, subtracting out the 
added power of 2 means dropping the 1 in the last binary place on the left, 
if the power of 2 used in gett^Jig the con^lement is greater than that contained 
in either nimiber* If not, then the power of 2 must be subtracted out by the 
usual subtraction method. 



Regular Subtraction 

1011100 
- -"01101 Number 
1001001 Answer 



Number 


-10011 


(from 2^) 


C ompl ement 


01101 


ft 


= 1101101 


(from 28) 
(from 2^^) 


If 


^ 1111101101 



Subtraction try Addition of Complements 



1011100 

oiioi 
1101001 


Complement 
Sum 


1011100 

1101101 

11001001 


-100000 
1001001 


2^ 

Answer 


-10000000 
01001001 



1011100 

1111101101 

10001001001 

-10000000000 
00001001001 



Jl 



Notice that in the two examples on the right, dropping the last 1 on 
the left in the sum gives the same result as subtracting out the power of 2 
added to get a complement, because the power of 2 added was greater than that 
contained in either number. 



Signed: 



^^ 



Margaret Florencourt Mann 



Approved :. 



J» Wo Forrester 



MFM:has3cm 
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SUBJECTS BASIC COKVEESION PROG-HAM, SEPTEMBBE, 195?. 

Tos 6345 and 6889 Engineers 

Proms M. Eotehberg 

Dates September 4, 1952 

Abstracts This note supercedes part 2 of M-1590 

Two basic conversion programs will be available by September 15, 1952, 
one for direct input from standard tape (Direct Basic Conversion) and one for 
conversion to 5-56 tape (5-56 Basic Conversion)© The vocabulary for both of these 
is identical and is given in this note. ITo provision is made for the use of 
floating addresses or multi-register length numbers • The comprhensive conversion 
program, which will be available soon after September 15, 1952, will treat tapes 
prepared for basic conversion correctly » 

Introduction 

The vocabulary of the new basic conversion program provides essentially 
the same facilities provided by the ^program previously in use but many details 
have been changed* 

The comprehensive conversion scheme will allow (in addition to the 
basic facilities described lyelow) a more general number system, a larger number 
and variety of preset parameters, interpretive instruction codes, automatic 
selection of interpretive, output, and mistake diagnosis routines,' and floating 
addresses o 

Headings 

The tape commences with the tape number and author *s name typed puts 

TAPE 5432-1 Te Broma 
or 

PAEAMETEE 1234«5 T» Brown 

Each title is followed by one carriage return and then tthe word PEEDOUT 
followed by another carriage return. Three inches of blank tape are then fed out» 

Both conversion programs print the heading as written, preceded and 
followed by two carriage returns. In the D« B. program printing of the heading 
can be surpressed by resetting PF 6 to a negative value by TP 3, The 5-56 Basic 
ppnches the tape number readably on tape and provides suitable feed-out before 
a3id after. 

When octal addresses are used, the heading is written 
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TAPE 5432-1 T. Brown ^ OCTAL 
v/ith the same feed-out procedure as "before. 

Otherwise, decimal addresses are assumed* 

Address Assignments 

Af the* start of the program and at any point thereafter an address followed "by 
a vertical "bar indicates the location into which the next word is to "be stored. 
In the a'bsence of any further indication words will "be stored consecutively. In 
the a'bsence of even an initial indication words will "be stored consecutively 
starting in register 32, 

Relative Addresses 

With suhroutines and block assembly procedures ^ "blocks of instructions may 
he written with addresses relative to the start of the "block. Relative addresses 
are always decimal and are always followed "by an r sign followed "by either a comma 
or vertical "bar. The start of a "block is indicated "by Or, and other relative 
addresses ?uch as 17r, may "be written if desired and will simply. "be ignored "by 
the conversion program. An address assignment may "be made "by writing 35r which 
stores the next word in register 35r regardless of consecutivety. 

Relative addresses within an instruction simply end with a r sign. 

Instructions 

Two lower case letters followed by as many digits as are necessary for an 
address comprise an instruction. The two letters may be any of the following? 
si, rs, (bi), rd, (bo), re, -, -, ts, td, ta, ck, -, ex, cp, sp, ca, cs, ad, 
su, cm, sg., ao, (dm), mr, mh, dv, * , * , sf, - , - . These letter pairs will 
be assigned code"mlues from through 31 respectively. The function letters 
in parentheses will be converted properly even though they are not part of the 
present order code. 

Operation cl will be changed from 2 to SO in the conversion program on the 
same day it is changed in WVfl. 

Kumbers 

Decimal fractions are written as +. or -. followed by exactly 4 digits. 

—15 
Decimal integers with an implicit factor of 2 , are written as + or - 

followed by as many digits as necessary, no decimal point. 

Octal numbers are writtenss 0. or 1. followed by exactly 5 octal digits. 
The 1. is the start of a negative octal number, the remaining digits being the 
sevens complement of the absolute magnitude. 

Preset Parameters 

The only preset: parameter available will be the personal parameter pp. As 



*The former si, si*, sr, sr*, cl cl*, operations are now to be written as 
letter triples sir, slh, srr, srh, clc, clh. 
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many of these as desired may "be used. Values are assigned to preset parameters 
anywhere in the program "by writing pp 6 = followed "by any word. If no word 
follows, then pp 6 = 0. Parameters are added or suhtracted into words "by writing 
+ or - pp 6, e.g., ca 7 - pp 6. 

Temporary Storage 

The zero- th' register of a temporary storage "block is. assigned "by writing 
ai^rwhere in the program t = followed "by an address. To refer to a temporary 
storage register, the third, for example, one writes caSt. 

Duplicated Words 

When several consecutive registers are to "be set to contain the same word 
initially the notation DITTO THRU preceded "by the word and followed "by an address 
may "be used. Por example: 

+.5000 DITTO THEU 100 

will put +.5000 in the next available register and in all registers through and 
including 100. 

50 +.5000 DITTO THEU 100 
will put +.5000 in registers 50 through 100 inclusive. 

50 1 +.5000 DITTO THRU 50r 

will give the same results as in the previous example. 

The word PEEDOUT^ and a suitable amount of "blank tape must follow any of the 
DITTO examples ahove. 

End of Program 

The end of the program is indicated "by the words START AT followed by the 
address of the register which contains the first instruction to be obeyed in the 
program proper. This is followed by a carriage return and the word EEEDOUT 
followed by another carriage return and blank tape. In the case of the D. B. 
program,, the computer will perform a conditional stop before control is trans- 
ferred to the indicated register. 

Feed- out 

Prepa,red tapes will have feedout after every five lines of printing for use 
in the Comprehensive Conversion System described later. Peedout may, of course j, 
occur in any quantity anywhere, but if it is to be of use it must be greater 
than 1.5 inches and must be preceded by the word FEEDOUT and a single carriage 
return. 
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Illegal Characters 

To aid in the detection of mistakes, the Basic Conversion programs will stop 
wherever a foreign or illegal character occurs on tape. This includes all "binary 
comhinations not contained in the Plexowriter code except 000000 (with 7th hole) 
which is disregarded. It also includes letters g, j, n, q, w, 7, and z and "back 
space • 

Disregarded Characters 

For the convenience of the typist, nullify (llllll), space, color shift and 
the foreign character 000000 (with 7the hole) are completely ignored at all times 
"by the Basic Conversion Programs, Carriage return, tab and comma are ignored 
"between words (i.e^ two carriage returns or a tab followed immediately "by a 
carriage return are all right), "but may not appear within a word for o"bvious 
reasons* 

Synonyms 

For convenience, the characters X and 1, and tah and carriage return (P) are 
treated intentionally as synonyms. 



M. RLz 



S igned / ^h kZjC^ l/ynA<^J7 ^» 

M, Roten'berg o 

Approved XT Jt ,^ W^Z^3-^i^g^rw4 ^ 
C. W. Adams ^ 
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Massachusetts Institute of Technology- 
Cambridge, Massachusetts 



SUBJECT: MI COMTROI SWITCHES AND PUSHBUTTONS FOR NOBMAL OPERATION OF 
THE COMPUTER 

To: Group 61 and Applications Group 

From: J. H. Hughes 

Date: December 16, 1952 

Abstract: This memorandum presents a table of the controls used in normal 
operation of the IWI Computer} their physical locations? and 
what they do. It also tells you how to use these controls for 
some common procedures. 



INTRODUCTION 

The toggle svdtches and pushbuttons listed in the attached table 
are all you normally need for controlling the computer, except for data 
handling for the Air Defense Project. All other svdtches in Test Control 
are for maintenance and trouble shooting; they should be left alone when 
you are running a program. 

HOW TO USE THE CONTROLS FOR COMON PROCEDURES 

1.0 HoYj to Read in a Program from Flexov/riter Tape 

1.1 5-5-6 Tape 

Put the beginning end of the tape in the Photoelectric Tape Reader, 
talcing care that it is going from right to left and that the solid row of 
seventh holes is on the side near you. 

Press the READ IN button and the tape will be read in. 

If you turn on the STOP ON si-1 switch the computer will stop at 
the end of read-in. and you can take care of any special resets that the 
program may need. Otherwise the program will start up as soon as read-in 
is finished. 

1.2 Standard Tape 

Before you can read in standard tape you must read in the Direct 
Conversion Program tape^ T-2046. You do this by following the procedure 
in 1.1 above, v/ith the STOP ON si-1 svdtch turned on. Then put the Standard 
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Tape that you v/ant to read in into the PETR, put the Program Counter Reset 
Svdtches to 2037 (octal) and press the START OVER button. The Standard 
Tape vdll be read in. 

Note that the Direct Conversion Program is stored in ES registers 
1251 through 2037 (octaiyi This means that you cannot do a direct read-in 
of a program on standard tape if it uses these registers. Instead you must 
have the tape converted to 5-5-6 form in the usual way. 

2-0 What to do if You Get an Alarm 

2.1 Parity Alarm . Call a technician. 

2.2 During Read-In by Direct Conversion Program 







2.21 Program Alarm. Usually means that there is not enough room ) .^^ 
in storage for both your program and the conversion program. (l.f.j^r^, 
Have the tape converted to 5-5-6 form. 

2.22 Conversion program stops with PC holding 00001: means that 
the conversion program has found an error in the tape. 
Send the tape back to tape room for fixing. If program 
stops with PC holding 1613 this is normal end of read-in. 

2.3 Daring Read-In of 5-5-6 Tape 

2.31 Program Alarm. Usually means that the tape is in the PETR ) 
crooked or upside down or backwards. Try again. 

2.32 Check Alarm, Program Counter holding 00007. Means that 
the Sum Check has found an error in the tape. Send it 
back to the tape room for fixing. If PC holds any other 
number the alarm is probably the result of a transient 
error. Try read-in again. 

2.4 During the Program 

2.41 Overflow, Divide Error or Program Alaims mean that there 
is something v/rong with the program. See Section 3.0 on 
trouble -shooting programs. 

2.42 Parity check alarms, unprogrammed check alarms or inactivity 
alarms are probably due to computer malfunction. Call a 
technician. 

3*0 How to Trouble Shoot a Program 

3.1 General 

When you have trouble with a program you must decide v/hether to 
use the computer to help you find out what is wrong or simply to record the 
contents of the most significant registers (PCj PR5 AC, etc., according to 
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the kind of alarm) and try and work out what is wrong at your desk. If 
there is no great rush to get the program fixed and running "by a certain 
date? then it is probably better to use your time rather than the computer's 
to find out T/here the program goes awry and why. Ifj on the other handj 
the problem is a rush job, then the computer can give valuable help in the 
quick detection of program trouble, and you may be justified in using com- 
puter time for this purpose. 

3-2 Post Mortem Subroutines 

The Applications Group has devised a number of subroutines which 
may be used to print out parts of the program in various ways. One of the 
most straightforward of these is the "Storage Print Out" subroutine, which 
prints out the contents of ES so that you can see what has happened in the 
program up to the time when an alann happened. 

3»3 Selected Pulse 

It is possible to run the program through in sections, stopping 
the computer every time some particular order is given. You do this by 
throwing the STOP ON SELECTED PULSE switch on. The Time Pulse is selected 
by the TP Selector in TO 5-3. Do not use TP 5» The order (or two orders) 
is selected by the plug leads located out back at the Operation Matrix. 

3*4 Order by Order 

It is possible, but rarely desirable, to run the program through 
order by order simply by reading in with the STOP ON si~l switch on and 
then pressing the ORDER BY ORDER button once for each order. This is the 
least efficient way of using computer time to trouble shoot your program. 

A»0 Manual Insertion 

It is possible to change manually the contents of a register of 
ES by using the following procedure. 

In Flip-Flop Register 2 Reset Switches put the "word" you want to insert. 



11 


n 


ti 


It 


3 


It 


It 


II 


" instruction "ca 2". 


H 


ti 


ti 


II 


A 


n 


tt 


II 


" instruction "ts x" where 
X is the address of the 
ES register to be changed 


11 


tt 


It 


II 


5 


It 


II 


It 


"si 0". 



In PC reset switches put 00003 . 

Press the START OVER button, and the job is done. 



SIGNED 



J. H. Hug^s 



JHH/op 

Table Attached 



APPROVE D "^^/^^f^f^J^ 

N. L. l)E^gett 
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CONTROLS USED IN NORMAL OPERATION OF Ymi 



TYPE 

OF 
SWITCH 


NAME 


LOCATION 


WHAT IT DOES 


P.B. 


ERASE ES 


Console 
& TC5-1 


Charges whole surface of every storage 
tube to the zero state. Do not press 
unless computer is stopped. 


P.B. 


READ IN 


Console 
& TC3-5 


Stops computer if running. Resets Pro- 
gram Counter to the beginning of the 
read-in program (v^hich is in Toggle 
Switch Storage). Restarts computer, 
which then reads in the tape with the 
Photoelectric Tape Reader. Flexo- 
reader may be used by putting a special 
read-in program in Toggle Switch Storage. 
At the end of read-in the program starts, 
or the computer stops if the STOP ON 
si-l svdtch is on. TP3 FF Reset is 
suppressed from time READ-IN button is 
pressed until read -in is complete. : 


P.B. 


CLEAR ALARM 


Console 
& TC3-5 


Clears alarm indication any time and 
that is all. 


P.B. 


START OVER 


Console 
& TC3-5 


Clears most flip-flops in the computer, 
resets Flip-Flop Storage, resets Control 
Switch to ck, resets PC to number held 
in Program Counter Reset Switches, 
restarts the computer. 


P.B. 


START (OVER) 
AT AO 


Console 
& TC3-5 


Same as START OVER except resets PC 
to 4.0. 


P.B. 


STOP (Formerly 
CHANGE TO P.B.) 


Console 
& TC 


Stops the computer from any state. 
(Do not confuse ¥/ith "stop clock" 
Y/hich may be called for by various 
parts of the computer to allow them 
to complete their job before the com- 
puter's main, cycle of 8 time pulses 
continues. ) 


P.B. 


START CLOCK 


Console 
& TC3-5 


Restarts computer if hung up in "stop 
clock". (This might be caused by an 
"illegal" in-out order. ) 


P.B. 


RESTART 


Console 
& TC3-5 


Restarts the computer from the P.B. 
mode, (will not restart from "stop 
clock".) 
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TYPE 

OF 
SWITCH 


NAME 


LOCATION 


WHAT IT DOES 


P.B. 


OREER BY ORDER 


Console 
& TC3-8 


if computer is stopped, restarts it. 
Lets computer inn to next TP5j and stops. 


P.B. 


EXAMINE 


Console 
& TC3-S 


Starts over and runs to TP5. This 
enables you to inspect in the PR the 
contents of the register whose address 
is in the PC Reset Switches. (Contents 
are displayed in PR. ) 


T.S. 


STOP ON si-1 


Console 


If svdtch is on (up) lets si-1 stop 
the computer. 


T.S. 


STOP ON SF.T.. 
PULSE 


Console 


If switch is on (up) lets selected 
Time Pulse of Selected Order stop the 
computer. 


T.S. 


DISPLAY 
SET.F.CTORS 


With each 
display scope 


Each switch permits appropriate display 
to appear on scope. 


T.S.'s 


FFS RESET 
svdtches 


Vfith each set 
of FFS indica- 
tors in TC-2 


Specify number to which FFS registers 
will be reset if FFS reset called for. 


T.S.'s 


PC RESET 
switches 


TC3-8 


Specify the number to which Program 
Counter will be reset on START OVER 
or EXAMINE. 


P.B. 


RESET ALL FFS 


FF reset 
panel 


If computer is stopped, resets all 
digits of all Flip-Flop Storage 
registers to numbers specified by 
Flip-Flop Reset Switches and D-C 
insertion plugs. 


P.B. 


SELECTIVE FFS 
RESET & RE- 
START (PB) 


FF reset 

panel 

TC3-7 


Resets those of the FFS registers 
selected by the switches next to it, 
and restarts computer (if stopped). 


P.B. 


SELECq;i)te FFS 
RESET M 
MANUAy ISf BR!) 


FFS reset 
panel 


If computer is stoj)pe^, resets those 
of the FFS registei^s/selected by the 
svdtches next to ±p. \ 


T.S. 


FFS RESET BY 
TP3 


FFS reset 
panel 


Causes every TP3 to reset those of 
the FFS registers selected by the 
svdtches next to it, except during 
read-in. 
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TIPE 

OF 
SWITCH 


NAME 


LOCATION 


TfflAT IT LOES 


T.S. 


FFS RESET 
BY PCEC 


FFS reset 
panel 


Causes the PC End Carry to reset those 
of the FFS registers selected by the 
svdtches next to it. 


T.S. 


FFS RESET 
BY rs 


FFS reset 
panel 


Causes TP3 of every rs order to reset 
those of the FFS registers selected 
by the svdtches next to it. 



INPUT PROGRAM, OCTOBER, 1952 
DECIMAL 

+0x2-^5 

6«=-4 1 +lx2"^5 c . Condljblonal stop 

(19) 2 Flip Flop Reg #2 (sp y) 

(12,10) 3 Flip Flop Reg #3 (word counter) 

(16, 8) 4- Flip Flop Reg #4 (accumulated sum-mod-one) 

(17) 5 Flip Flop Reg #5 (final sum-mod-one) 

20—^(15,9) 6 Flip Flop Reg #6 (ts x or ck 5 or sp 1 or sp 21) 

7v sa 4 add new word to sum-mod -one 

8 ts 4 store new sum 

9 ao 6 increase ts x instruction by one 

10 ao 3 increase word counter by one 

11 ^ cp^l8 if word counter is negative, read in next word 
239 27—"^ 12 ts 3 reset word counter 

13 rd 13 read initial word from tape 

14^ - 2P--^S if word is negative, reset cotmter 

15 ts 6 if word is positive, place it in 6 

16 ex U reset sum-mod-one in case this is WORD block 

17 ts 5 store the previously accumulated sum-mod-one in 5 in case 

this is CK block 

11—4 18 rd 18 read word from tape 

19 ts 2 place it in 2 in case this is SP block 

20 SP 6 perform next the instruction in 6 

556 Input— ^'21 si 139 select photoelectric reader word input 

22 cao prepare to reset word counter 

23 SP 12 

Magnetic Input— ^ 24. si 66 select magnetic tape reader forward 

25 rd 25 read first word of block 

26 ■ ^ cp.l? if negative, reset counter and proceed to. read in 

27 sp 2U if positive, select input again to skip to next block 

28 immaterial these words are not now needed and are 

29 iimnaterlal assigned no 

30 immaterial value at present 

31 CLOCK 

Contents assigned to registers 2U through 30 will be changed when the 
auxiliary drum is installed. 



USTERPRETED ORDER CODE 



WWI 
Order 


Interpreted 
Order 


Name 


Dftdmfll 


Binnry 


si 


,'1 


1' , 





00000 


rs 


itsc 


cyc3.e transfer to storage 


1 


00001 


bi 


iexc 


cycle exchange 


2 


00010 


rd 


icac 


cycle clear and add 


3 


00011 


bo 


icsc 


cycle clear eind subtract 


U 


00100 


re 


iadc 


cycle add 


5 


00101 




isuc 


cycle subtract 


6 


00110 




imrc 


cycle multiply 


7 


0dm 


ts 


idvc 


cycle divide 


8 


01000 


td 


ispc 


cycle subprogrflm 


9 


01001 


ta 






10 


01010 


ck 


icr 


cycle reset 


11 


oion 




ict 


cycle count 


12. 


01100 


ex 


iat 


add and transfer 


13 


01101 


cp 


iti 


transfer index 


14 


OHIO 


sp 


sp 


subprogram 


15 


omi 


ca 


ici 


cycle increase 


16 


10000 


cs 


icd 


cycle decrease 


17 


loboi 


ad 


icx 


cycle exchange 


IS. 


10010 


su 


ita 


transfer address 


19 


loon 


cm 


icp 


conditional subprogram 


-^ 20 


10100 


sa 


its 


r transfer to storage . 


21 


10101 


ao 


iex 


exchange 


22 


10110 


dm 


ica 


clear and add 


23. 


10111 


tnr 


ics 


clear and subtract 


24 


11000 


mh 


iad 


add 


25 


11001 


dv 


isu 


subtract 


26 


11010 


sir 


imr 


multiply and round-off 


27 


iibii 


srr 


idv 


divide 


28 


11100 


sf 


isp 


interpreted transfer control 


29 


11101 


clc 






30 


11110 


DL-.582 


A 


3 







Dhit 







DBSIGNATIOITS OF HF-OUT SQ,UIPf45!nr 
(si addresses for all tmits listed) 
1 _2 S_ 



Jan. 27, 1953 
Mode 



Display 
scopes 



Printers 



Punch 



Photoelectric 
tope reader 



Plexo 
mechanical 
tape readec 



Camera 

Magnetic 
tape 



600 octal 
384 decimal 



204 octal 
193 decimal 

305 octal 
1S3 decimal 

206 octal 

134 decimal 

207 octal 

135 decimal . 

211 octal 
137 deciiual 

213 octal 
139 decimal 



200 octal 
123 decimal 

202 octal 
130 decimal 



500 octal 
320 decimal 



100 octal 

64 decimal 

101 octal 

65 decimal 

102 octal 

66 decimsuL 

103 octal 

67 decimal 

104 octal 

68 decimal 

105 octal 

69 decimal 

106 octal 

70 decimal 

107 octal 
7i decimal 



601 octal 
385 decimal 



(Em. 222) 
215 octal 
141 decimal 



602 octal 
386 decimal 



(Computer Bm. ) 
225 octal 
149 decimal 



110 octal 
72 decimal 

HI octal 
'^3 decimal 

lie octal 

74 decimal 

113 octal 

75 decimal 

114 octal 

76 decimal 

115 octal 
•77 decimal 

116 octal 

78 decimal 

117 octal 

79 decimal 



(Hot in use) 
235 octal 
157 decimal 



120 octal 
eeOOdecimal 

121 octal 

81 decimal 

122 octal 

82 decimal 

123 octal 

83 decimal 

124 octal 

84 decimal 

125 octal 

85 decimal 

126 octal 

86 decimal 

127 octal 

87 decimal 



(Assoc* with 
delayed- output 
equipment) 

130 octal 
"88 decimal 

131 oct^ 

89 decimal 

132 octal 

90 decimal 

133 octal 

91 decimal 

134 octal 

92 decimal 

135 octal 

93 decimal 

136 octal 

94 decimal 

137 octal 

95 decimal 



Customary vise: Each 
scope has switches 0,i & 
2 on it* When all are o 
for each scope, display 
will appear on all scope 

print one characlber on 
an re 

pundies one character 
with Tbh di^t fiixppressed 

punches o^e character 
with 7th digit punched 

punches three characters 
with 7th digit suppressed 

punches tSoree characters 
with 7th digit punched 

line-^-hy^llne (reads 1 
line for each rd l 

word-hy-line , or auto- 
matic ;..5:.-. 56f '. (assem- 
hLeS'S lines- into Iwdrdfor 
eetchrd) Beader runs ftee m 
til dism iss®d hy 81600 

line-hy-llDie (reads 13inB 
for each sj -f rd) 

word-hy-lioe, or automatic 
5 - 56 ■ _ (assemhles 3 
Ijnes into 1 word for eadisi 
+ rd, stogppiiig automatical 
ly after word is assembled) 

index camera 



re-record, forward 



re-reCord, reverse 



read, forward 



read, reverse 



stop mode forward 



stop mode reverse 



record, forward 



record, reverse 



DL-586-1 
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Digital Computer Laboratory 
Massachusetts Institute of Technology- 
Cambridge j Massachusetts 

SUBJECTS PROGRAMMING FOR IN°OUT UNITS 

To 5 Group 61 and Applications Group 

From J Philip Ro Bagley 

Dates September 17 ^ 1952| revised Decembers 5s 1952 

Abstract: This memo contains the details of programming for the various 

modes of operation of each, in- out unit <, The necessary instruc- 
tions and selection addresses are given, together with the timing 
and possible alarms involvedo This memo supersedes M-1514.> M-1551> 
M-1623? and M-1623 Supplement #1. 

Table of Contents: Page 

In»Out Notes 1 

Auxiliary Magnetic Drum 3 

Buffer I/iagnetic Drum (omitted) 

Camera 5 

Clock 6 

Delayed Ouput Via Magnetic Tape ,6 

Ferranti Readers (oMtted) 

Light Guns 7 

Magnetic Tape 8 

Mechanical Tape Reader 11 

Photoelectric Tape Reader 12 

Printers 14, 

Punch 15 

Scopes 17 

Flexowriter Code 19 

Reference List of s± Addresses 21 

References 22 

IN-OUT NOTES 

In-out operations o The group of computer operations termed "in-out ' 
operations" is composed of the operations involved with the transmission of 
words into and out of the computer; namely^ si, b|j» £^p bOp and £2o The 
block-transfer operations bi and bo will not be available until January, 
1953. 
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3i inatructloDS o The action of the si instraction is to select a parti- 
cular in-oTit unit aad prepare it to start operating in a specified modd de- 
signated by the octal address digits £ £ £« jg designates the class of equip- 
ifidfit i such as magnetic tape units) and £ and r together designate the number 
of the unit and the mode of operationo . in si normally precedes one or more 
of the othet in^out instructions involving M, rd, bo, and i;s» except in the 
case of the camera 9 which is operated by a single 0I alone, or in the case in 
which si is used to stop the computer or an in-out unito Any instructions 
other than in<=^out ihstructions m&y intervene between si and its associa.ted 
bi « rdj boj, or rcj> without affecting the in-out prbcesso Following an si 
instruction which specifies a rea^ mode 9 the computer nust not execute another 
si until the process initiated by the earlier si has endedo Since this is 
not insured by electronic means » it must be insured by programming at least, 
one ^ instruction after every si which selects a read modeo 

Assigned si addresses „ All the si addresses which have been assigned 
functions are listed under the equipment to which they apply « * A complete 
list Qf assigned si addresses in numerical order, is given at the end of this 
SBOtloHb tJnassigned £i addresses may not be used indiscriainatelyo At pre- 
e©nt>: the nee of addresses containing I's in the binary digit positions 5? 6, 
or 10 of an instruction will cause the computer to stop in bl transfer check 
alarfflo Certain other unassigned addresses are ^illegal": that is 9 they may 
cause, an In-out unit to operate in an unpredictable fashiono Other unas- 
signed addresses are reserved for possible use at a later datOo 

Stop instructions n The si operation is also used to. provide a "stop^** 
either to stop the computer or to stop any in-out unit which does not stop 
automatically (that is, a magnetic tape unit or the photoelectric reader) « 
si will stop the computero si 1 will stop the computer only if the **Condi« 
tional Stop" switch is ONo si (any assigned address) will stop any in-out 
unit which may be running 9 without stopping the computer 5 however, if no in= 
out unit need be selected 1^ this si stop instruction, the unique designation 
si 630 (octal) or si A08 (decimal) should be used, both for program clarity 
and for s§fety of operationo 

Possible oh ^nftes in re and rd operations . It is possible that at some 
future date the address sections of the re axjd rd instructions may specify 
the address to which control should be transferred if the in-out unit is not 
ready to carry olit the required recording or reading procosSo It is there- 
fore advisable to set the address section of each re and rd instruction equal 
to the address of the register containing the instructiono For example^, 
X would contain re x or rdjto 



Punched p aper tape. The conventional form of a 16"digit word on punched 
paper tape is known as ^536^ form (distinct froa a previous form termed «5«^ 
5"'6»)o The binary digits (numbered through 15) are physically distributed 
on the tape in the following manner^ 



hole nOo 
one word " 



(1) 
G 

5 
flO 



(2) 
1 
6 
11 



(3) 

a 

12 



13 



t 

feed ho^es 



(5) 
A 

U 



(6) (7) 

t 

T 
15 
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l*oflition3 2 and Y are normally xmptmched to aid in vlatially reading the tapeo 
Howevei} they may contain the same Information as positions 5 and 10 respec- 
tlvelyo The Tford-by-word reading modes of the in-out system are devised to 
correctly assemble into a l6-digit word a word punched in 556 forDo Each lino 
of tape which contains information must have the 7th hole position prmchedo 
If this were not done? the tape reader could hot distinguish a line of signi- 
ficant zeros (which it must read) from a line of blank tape (which it must 
Ignore) o The omission of the 7th hole then allows the feature of punched 
visual identification numbers which will be ignored by the reader o 

Delays and alarms associated with the read mode p While an In-out unit 
is operating in the read mode, if the computer attempts to perform any in-out 
instruction (normally an rd) before a word or character has arrived in lOR, 
it must wait until the word or character arrives^ If the computer has not 
cleared lOR (by an rd instruction) before the succeeding word arrives in lOR 
from an in-out unit, an in-out alarm resultSo In connection with programming 
for ln=>out units , the only type of alarm which occurs is an in-out aleirmio All 
cases in which in-out alarms can occur are specifically noted in the discua^ 
elonr of each unito 

ATJIIUARY.. MAGNETIC DRUM (NOT lET AVAIUBLE) 

<j 
Function of the auxiliary drtmin The auxiliary magnetic drum provided 
249 576 registers of "Intermediate speed storage 9" where each register can 
store a 16-digit binary wordo The computer cpn transfer a word to or read a 
iTord from any drum register 9 in a cannor oiailar to the ^ay It does in el«s«^ 
trostatic storage » 

Register numbering r. The registers on the drum bear consecutive addresses 
from to 2itg575o The registers are in 12 grouns along the drum, each group 
eonslstlng of 20^8 registers o A drum address is specified by a l6-dlglt 
binary word^ of which digit is immaterial 9 digits I-4. specify the group ntca- 
ber, and digits 5="15 specify the storage address o Within any register groupj, 
the storage addresses are treated modulo 20ii8o For example, a block transfer 
starting at address 204.7 will deal in turn with registers 2047? 0, 1, 2, etqo» 
in the same register group, 

X^eess time . To gain access to a specific register on the drum takes, on 
the average 9 8 miUlaeconds, equal to the time for one-half revolution of the 
drumo An additional 12 milliseconds seconds delay occurs if the register Ilea 
in a group different than the group Ifitst usedo 

Register selection . The next drum address to be selected la determined 
by the si instruction and by any necessary portions of the contents of AC at 
the time the si is executedo The si instruction may call for a new group num- 
ber or a new initial storage address, or noithorj, or botho When a new grot?) 
number Is needed 5 it is taken from digits l^A of ACo liien a new initial stor« 
age address is needed 9 it is taken from digits 5^15 of ACo The group selected 
on the drum remains selected until an si instruction specifically calls for a 
change of groupo The next storage address selected will be pne greater than 
the storage address most recently referred to unless cm si instruction specie 
flcally calls for a new initial storage address o to provide for all the cases 
above, there are four possible ways for an si iastractlon to specify a register^ 

1) Select no new group or initial address 
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2) Select new group only 

3) Select new initial storage address only; 

4.) Select bothnew group and new initial storage address 

In addition, the si instruction selects reading or recordingo 

Recording single words on the auxiliary druni n Programming for recording 
on the auxiliary drum is as follows? ; ,„ 

si a Selects the auxiliary drum and the record modeo If the si instruction 
calls for a new group number, it is selected in accordance v/ith the 
contents of digits 1-4 of ACo If the si calls for a new initial stor- 
age address, it is selected in accordance with the contents of digits 
545 of ACg The computer cannot perform another in-out instruction 
until the group change ^ if any, requiring 12 milliseconds, is completed. 

re— =- Records the contents of AC at the next address called for by the si 
instruction, or at the next consecutive address following the last 
address at v/hich a word v/as recorded o The computer cannot perform an- 
other in~out operation until the in-out equipment completes the recor- 
ding process 5 which takes an average of 8 milliseconds and a maximum 
of 16 milliseconds o An re instruction is required for each word to be 
recordedo As many re instructions as necessary may be used before the 
next si instructiono Any number of instructions other than in-out in- 
structions may precede each rc o 

Recording by blo c k-^transfer instruction „ A bo instruction may be sub-^ 
stituted for a series of re instructions ^ The address of the bo must be the 
initial address of the block to be taken from ES, and + n^ the number of words 
to be recorded, must be stored times 2"" -^5 in ACo The block transfer will re- 
quire an average of 8 milliseconds and a ma.ximum of 16 milliseconds for the 
first word to be recorded, and 64 microseconds for each additional word,, 
If the block transfer involves both registers 2047 and Oy in that sequence, 
an additional 16 milliseconds is required to complete the transfer „ Any 
sequence of re and bo instructions may follow a single si, 

Reading from the auxiliary drurii n Programming for reading from the auxi- 
liary drum is as follows ; 

si a Selects the auxiliary drum and the read modeo If the si instruction 
calls for a new group number, it is selected in accordance v/ith the 
contents of digits 1-4 of ACo If the _si calls for a new initial stor- 
age address, it is selected in accordance with digits 5-15 of AC^ 
Reads into lOR the word from the chosen drum address o The time re- 
quired to obtain the word is an average of 8 milliseconds and a maximum 
of 16 milliseconds, plus an additional 12 milliseconds if. a group change 
is necessary o One 5 and only one, rd or bi instruction must intervene 
betv/een this and the next s± instructiono 

rd— Transfers the word in lOR to ACj then clears lORo 
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Reading by block-transfer instructioii o A bi instruction may be substi- 
tuted for an rd instructiono The address of the bi must be the initial ad- 
dress of the block of registers in ES to which the words will be transferred, 
and + n, the number of v/ords to be read, must be stored times 2""15 in AC, 
Each bi must be preceded by an sio The block transfer will require an 
average of 8 milliseconds and a maximum of 16 milliseconds for the first 
word to be read, and 64 microseconds for each additional wordo If the 
block transfer involves both registei^s 204-7 and Oj) in that sequence, an 
additional 16 milliseconds is required to complete the transfer^ 

Zero-length block transfers on bi and bo „ The use of a bi instruction 
calling for the transfer of a block zero words in length ydll result in one 
word being read but not transferred „ The reading of the v/ord actually is 
initiated by the preceding _si instruction, hence one word is already read 
by the time the bi is ready to be performedo If the bi calls for the 
transfer of no words, the word already read is simply discardedo Zero- 
length block transfers on bo will alv/ays be performed correctly, i,e<, no 
recording will take place „ 

si addresses for auxiliary drum „ V/hen the auxiliary drum becomes avail- 
able, the si addresses will be as follows? 

READ MODE: 

1) no address specified 

2) select new group 

3) select new initial address 
4-) select new group and address 

RECORD MODE; 

1) no address specified 

2) select nev/ group 

3) select initial address 
4.) select nev; group and address 





si 700 octal or si AA8 decimal 
si 701 octal or si AA9 decimal 
^ si 702 octal or si A50 decimal 
si 70 3 octal or si A51 decimal 

si 70A octal or si A52 decimal 

si 705 octal or si 4.53 decimal 

si 706 octal or si 4.54. decimal 

si 707 octal or si 4.55 decimal 



CAMERA 



Action of the camera „ The selection of the camera by an s± instruction 



results in the following cycle of operation, termed an "index cycle" 

1) 

2) 
3) 



Close shutter 

Advance film one frame 

Open shutter 



If shutter is initially closed, the first step is omitted< 
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Prograimning the index cycle . The index cycle is effected by the single 
instruction si 500 (octal) or si 320 (decimal) o 220 milliseconds will elapse 
after the s± instruction before the computer performs the next in-out instruc- 
tion. 

Manual controls „ Three push-buttons, labeled CLOSE, OPEN, and INDEX, on 
the camera control panel provide for manual' control of the camera. Depressing 
the INDEX button advances the film one frames if the shutter is initially 
open, it is automatically closed during the period required to advance the 
film, A remote push-button unit is also available, v/hich may be plugged into 
any one of several jacks « Depending upon whether the shutter is initially 
open or closed, one of the following sequences of operation will result. 

If the shutter is initially closed, depressing the button opens the 
shutter; releasing the button closes the shutter and advances the 
filmo 

If the shutter is initially open, depressing the button has no 
effect; releasing the button closes the shutter, advances the film, 
and reopens the shutter, 

CLOCK 

Use of the "clock," or "time register „ " The "clock" is provided to 
indicate increments of time, counting in one-quarter second units from to 
32767 (136,53) minutes) and then starting over. It is a l6-digit flip-flop 
register of which the sign is always positive, and it is located (arbitrarily) 
at address 31 (decimal) in Test Storage o The contents of the clock may be 
read out by an instruction (ex, ca, cs, ad, su, _cra, sa, ad, ao, mr, mh, dv, 
dm) in ES (but not in TS) ; information cannot be transferred to the clock 
by the computer. The clock is reset to zero by a pushbutton, 

DELAYED OUTPUT VIA MAGNETIC TAPE 

Delayed- out put units . Where printed page or punched paper tape output 
is desired, computer time can be conserved by the use of the delayed- output 
unit. The 6-digit binary characters to control the printer or the punch are 
recorded on magnetic tape by the computer and the tape is later run through 
the delayed-output unito The tape for delayed output can be recorded at the 
rate of 100 characters per second. An 800-foot reel of magnetic tape will 
store about 32,000 characters, which can be recorded in a minimum of 5.2 
minutes and can be printed or punched out in about 75 minutes. 

Tape unit connections „ There are two magnetic tape units, designated 
lA and IB, associated with the delayed-output equipment. Either one of 
the units may be connected to the computer while the other is connected 
to the delayed-output equipment ^ The connections may be interchp.nged by 
a manual sv/itcho 
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Programming for delayed output . In order to record on magnetic tape a 
series of characters for later automatic printing or punching, the following 
conventions must be observed: 

1) A full l6-digit word must be recorded on magnetic tape to store 
each 6-digit binary character; each character occupies digit 
positions 2 through 7 of the recorded word, the contents of the 
other digit. positions being immaterial. The necessary binary 
characters for the "delayed printer" are identical to those 
used for the printer (see the Flexov/riter Code). ' , 

2) The temporal separation of the v/ords on magnetic tape must be 
no less than 7 milliseconds, A 12- millisecond separation will 
automatically be achieved if the individual words are recorded 
as blocks each 1 word long. If record4.ng time is to be a mini- 
mum, the program must "count" a 7~millisecond delay between . 
individual recorded v/ords. 

3) It is advisable (but not necessary) to provide a Flexo-unit 
stop character as the last recorded character so that the auto- 
matic printing or punching equipment may operate unattended, 

LIGHT GUl^S 

Action of a light gun ^ A light gun signal generated by the display of a 
point' on a scope (see SCOPES)" is transmitted immediately to lOR (which has 
been reset to zero by the display instruction). The signal causes "ones to 
appear in two digit positions of lOR: namely, in the sign digit position, 
indicating that a signal has been received, and in the digit position to 
which the light gun is connected. Several light guns may send signals to 
lOR simultaneously^ 

Progrdmming for li^ht gun inputs . To determine if a light gun signal 
has occurred, it is necessary to program an rd after the point has been dis- 
played and before another in-out instruction. The rd will bring the contents 
of lOR into AC, a _CB instruction v/ill examine the sign digit to see if any 
signal has been received, and successive sf or cl instructions will determine 
which light guns generated the signal. 

Present light gun equipment . At present, the one available light gun is 
permanently connected to the sign digit of lOR, and can be connected by a 
four-position switch to any one of digit positions 1, 2, 3, and 4- of lOR, 
At some future date there will be more light guns, which may or may not be 
tied to specific digits of lOR, 
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MAGNETIC TAPE 

Action of magnetic -tape units . The magnetic -tape units will record and 
read 16-digit binary words. An individual block is of arbitrary length, the 
start of the block being identified by a block marker automatically recorded. 
In addition to provisions for recording and reading, a mode termed "re-record" 
searches for a block marker and then switches to the record mode. Previously 
recorded information is automatically erased from a tape which is running' in 
the record mode, A tape unit ^vhich is instructed to stop will continue to 
coast for approximately 6 milliseconds, but will not affect the recorded data 
which passes under the heads during this coasting period. A tape unit running 
at full speed and instructed to reverse direction will continue moving in the 
original direction for approximately 6 milliseconds, but will immediately 
being erasing and counting the delay for a block space if recording, or 
counting a delay and then searching for a block marker if reading or re-record- 
ing. The tape unit is~ a free-running unit: once started by an si instruction, 
it runs free until stopped bj another si instruction. 

Automatic assembly and disassembly of words . A l6-digit word is in 
actuality recorded as eight pairs of digits on magnetic -tape, the v/ord being 
automatically disassembled by digit pairs in lOR. On reading, the word is auto- 
matically assembled (by successive shifts left) by digit pairs in lOR. The word 
will be assembled properly only if the tape is running in the same direction as 
it was when recorded. If the tape is read in the direction opposite to that in 
which it Y/as recorded, the resulting words must be unscrambled by a special 
subroutine , 

Recording, Programming for recording a block of words is as follows:— 

si m Selects the tape unit and st&rts the unit in forwal'd or reverse, 
depending on the address m. An interblock space 12 milliseconds 
long is generated on the tape, then a block marker is automatically 
recorded. The computer cannot perform another in-out Instruction 
until this 12- millisecond period has elapsed. 

re — Records on tape the l6-digit word contained in AC, 2.5 milliseconds 
must elapse before the computer can perform another in-out instruc- 
tion. An re is required for each word to be recorded. As many re 
instructions as necessary may be used before the next si instruction. 
Any number of instructions other than in-out instructions may precede 
each re, 

si m Identical to the si m above » for the purpose of erasing any previously 
recorded data at the end of the block. If the tape has been previous- 
ly erased so that there is no possibility of old data occurring at the 
end of a newly-recorded block, this instruction and the succeeding 
si n may be omitted, 

si n Selects the same unit for recording, but in the opposite direction. 
The tape will coast in the original direction for approximately 6 
milliseconds; it will then reverse, erase the block marker recorded 
by the preceding si m and move the newly-erased space under the heads. 
After 12 milliseconds a block marker will be recorded. This si in- 
struction must follow within 16 milliseconds of the previous si. 
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si — Stops the tape unit. Any si instruction which has teen assigned a 

function will stop the tape unit, but if the program does not require 
a specific si instruction, use the unique designation si 630 (octal) 
or si i^08 (decimal) „ The maximum safe interval between this si and 
the preceding si_n, if any, is 12 milliseconds. 

Recording by block^transf er instruction . The system is not designed to 
permit recording on magnetic tape by the block-transfer instruction. 

Re-recording o Re-recording is similar to recording except that the unit 
runs for approximately 5 milliseconds and then begins the recording process 
after passing the next block marker instead of beginning to record immediately 
irrespective of the tape position. Only one block marker precedes the newly- 
recorded block, 

Reading . Programming for reading of words is as follows: 

si m Selects the tape unit and starts the unit in forward or reverse, 

depending upon the address of m, After ^waiting for 5 milliseconds, 
the computer reads into lOR the first word after the next block 
marker. The amount of time required for this process will depend 
on the distance of the next block marker from the reading heads. 
This si instruction must not be followed by another si without at 
least one- intervening rd or bi- instruction, - 

rd — Transfers the contents of lOR to AC, then clears! lOR in preparation for 
receiving the ne^rt word from tape. As many successive rd instructions 
will be needed as there are v/ords to be read from tape. Assuming that 
the words were recorded at maximum density (one word every 2,5 milli- 
seconds) a pair of digits will be read to lOR at intervals of approx- 
imately 300 microseconds. The computer must execute an rd instruction 
often enough to extract a word from lOR and clear lOR before the first 
pair of digits of the next recorded v/ord arrives from the tape unit; 
' otherwise an in-out alarm will result. To stop reading before the end 
of a recorded block has been reached, give an instruction to stop the 
tape unit ydthin 2 milliseconds after the last desired word has been 
read; othervdse an in-out alarm may result „ Any instructions other 
than in-out instructions may precede each rd . 

si — Stops the tape unit. Any si instruction which has been assigned a 

function will stop the tape unit, but if the program does not require 
a specific s± instruction, use the unique designation si 630 (octal ) 
or si AOS (decimal) „ 

Reading by block-transfer instruction . A bi instruction may be substi- 
tuted for a series of rd instructions. The address of the bi must be the 
initial address of the block of registers in ES to which the words will be 
transferred, and + n, the number of words to be read, must be stored times 
2 ^^ in AC at the time the computer executes the bi. Any sequence of rd 
and bi instructions may follow a single si . 
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Zero- length block transfer on bi « The use of a bi instruction calling 
for the transfer of a block zero words in length will result in one word 
being read but not transferred. The reading of the word actually in ini- 
tiated by the preceding si instruction, hence one word is already read by 
the time the bi is ready to be performed. If the bi calls for the transfer 
of no words, the word already read is simply discarded. 

Skipping blocks o The re-record instruction can perform an auxiliary 
fxmction: that of making possible the skipping of any number of blocks, in 
either forward or reverse. Each si instruction to re-record causes the tape 
unit to search for the next block marker and io switch to the record mode as 
soon as the block marker is found. Since the record mode erases previously 
recorded data, however, another si instruction must switch the unit out of the 
record mode in time to avoid erroneously erasing. The maximum permissible 
interval between the si to re-record and tne si to sv/itch out of. the record 
mode is dependent on the distribution of data on the tajpe , but in no case will 
it be less than 5 milliseconds, 

si addresses for magnetic tape units . The si addresses for the magnetic 
tape units are as follows: 

UNITS 2 MP 3 HOT YET AVAILABLE 



Unit- 







lA, IE 



^ 



Re-record, forward 
Re-record, reverse 
Read, forward 
Read, reverse 
Record, forward 
Record, reverse 



100 octal 
64. decimal 

101 octal 

65 decimal 

102 octal 

66 decimal 

103 octal 

67 decimal 

106 octal 

70 decimal 

107 octal 

71 decimal 



110 octal 
•72 decimal 

111 octal 
73 decimal 

112 octal 
7J+ decimal 

113 octal 
75 decimal 

116 octal 

78 decimal 

117 octal 

79 decimal 



120 octal 

80 decimal 

121 octal 

81 decimal 

122 octal 

82 decimal 

123 octal 

83 decimal 

126 octal 

86 decimal 

127 octal 

87 decimal 



130 octal 
BB decimal 

131 octal 

89 decimal 

132 octal 

90 decimal 

133 octal 

91 decimal 

136 octal 
94. decimal 

137 octal 
95 decimal 



associated with delayed- output equipment 
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MECHANICAL TAPE HEADER 

Action of the mechanical tape reader . The mechanical tape reader 
"reads" the 6-digit hinary coinhination punched in a line of paper tape 
and transmits it to the right-hand six digit places of lOR. In the 
line-hy-line mode, each reading operation reads one line of tape and forms 
a word of which the left-hand ten digits are zero and the right-hand 
six digits correspond to the. binary comhination punched in the tape. In 
the word-hy-word mode, each reading operation reads three lines of tape, 
and assemhles ("by successive shifts left in lOR) a 16-digit word from 
the digits punched in the tape in 556 form. The mechanical tape reader 
does not need to he stopped hy an si instruction. 

Programming for line-hy~llne mode . Programming for reading in the 
line-hy-line mode is as follows: 

si r Selects the mechanical reader. 

rd — Reads the next 6-digit character from paper tape into the 

right-hand six digit positions of AC via lOR, and clears lOR 
in preparation for receiving the nex€ character. The contents 
of digits 0-9 of AC will he zero, and the contents of digits 
10-15 of AC will correspond to the hinary combination read 
from tape. In this mode with the mechanical reader, the com- 
puter requires 106 milliseconds to execute each rd instruction. 
As many successive rd instructions are necessary as there are 
lines of tape to he read. Any numher of instructions other 
than in-out instructions may precede each rd. 

Reading line-hy-line hy the hi ock -transfer instruction . A hi 
instruction may take the place of a series of rd instructions. The 
address of the hi must he the initial address of the block of registers 
in ES to which the words v/ill be transferred, and +n, the number of 
lines to be read, must be stored times 2~15 in AC. The time required 
to execute the block transfer is the same as the total time required 
to perform the rd instructions it replaces. Any sequence of rd and 
hi instructions may follow a single si,. 

Programming for word-by-word mode . Programming for reading in 
the word-by-word mode is as follows: 

si r Selects the mechanical reader. 

rd — Reads the next three lines of tape (which must be punched in 
556 form) and assembles them via lOR into a 16-digit word in 
AC, and clears lOR in preparation for receiving the next word. 
In this mode with the mechanical reader, the computer requires 
318 milliseconds to execute each rd instruction. As many 
successive rd instructions are necessary as there are words to 
be read from tape. Any number of instructions other than in- 
out instructions may precede each rd. 
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Reading word-by-word by the block-transfer instruction . A bi 
instruction may take the place of a series of rd instructions. The 
address of the M must be the initial address of the block of registers 
in ES to which the words will be transferred, and + n, the number of words 
to be read, must be stored times 2"-^^ in AC. The time required to execute 
the block transfer is the same as the total time required to perform the 
rd instnictions it r^laces. Any sequence of rd and bi^ instructions may 
Tollow a single si . 

Zero-length block transfer on bi . The use of a bi instruction 
calling for the transfer of a block zero words in length will result 
in one word being read but not transferred. The reading of the word 
actually is initiated by the preceding si instmiction, hence one word is 
already read by the time the bi is ready to be performed. If the bi 
calls for the transfer of no words, the word already read is simply 
discarded. 

si addresses for the mechanical reader . The si addresses for .the 
mechanical tape reader (Flexowriter Input Unit #3) connected in "normal" 
fashion are as follows: 

line-by-line: si 200 (octal) or si 128 (decimal) 

word-by-word: si 202 (octal) or si 130 (decimal) 

PHOTOELECTRIC TAPE READER 

Action of the photoelectric reader . The photoelectric tape reader, 
abbreviated hereafter '*PETR,'* "reads" the 6-digit binary combination punched 
in a line of paper tape and transmits it to the right-hand six digit places 
of lOR. In the line-by-line mode, each reading operation reads one line of 
tape and forms a word of which the left-hand ten digits are zero and the 
right-hand six digits correspond to the binary combination punched in the 
tape. In the word-by-word mode, each reading operation reads three lines of 
tape and assembles (by successive shifts left in lOR) a l6-digit word from 
the digits punched in the tape in ^^6 fonn. PETR is a free-running unit; 
that is, it runs free until stopped by an si instruction. 

Substitution of mechanical reader for PETR » A. switch will soon be 
available to connect the mechanical reader in place of the PETR whenever 
it is necessary to go instruction-by-instruction in a program which calls 
for the PETRo At other times the mechanical reader will be connected in 
its normal place, with its own selection addresses. 

Programming for line-by-line mode . Programming for reading in the line- 
by-line mode is as follows: 

si r Starts PETR. Reads the first 6-digit character from tape into the 
right-hand six digits of IQR. This si instruction must not be 
followed by another si without at least one intervening rd or 
bi instructiono 
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rd — Transfers contents of I OR to AC, then clears I OR in preparation for 

receiving the next character o The contents of digits 0-9 of AC will be 
zero, and the contents of digits 10-1^ of AC will correspond to the 
binary combination read from tape. As many successive rd instructions 
are necessary as there are lines of tape to be read. If there are no 
intervening lines of blank tape, a 6-cd.git character will arrive at ICR 
every 7 milliseconds. The computer must execute an rd -instruction often 
• enough to extract a word from I OR and clear I OR before the next character 
arrives from the reader; otherwise an in-out alarm will result. Any 
instructions other than in-out instructions may precede each rd. 

si — Stops the reader o Since the reader passes about three-quarters of an 
inch of tape after it has been ordered to stop, it should not be 
stopped except where at least one and one-half inches of blank tape 
have been provided, otherwise information which coasts by the reading 
head will be lost. Any si instruction which has been assigned a function 
will stop the reader, but if the program does not require a specific si 
instruction, use the unique designation si 630 (octal) or si Uo8 (decimal) 

Reading line-by-line by block-transfer instruction . A bi instruction 
may take the place of a series of rd instructions. The address of the bi 
must be the initial address of the block of registers in ES to which the 
words will be transferred, and + n, the number of words to be read, must be 
stored times 2~15 in AC. The time required for the block transfer is the 
same as the total time required to perform the rd instructions it replaces. 
Any sequence of rd and bi instructions may follow a single si. 

Programming for word-by-word mode o Programming for reading in the word- 
by-word mode is as follows: 

si. r Starts PETTR. Reads the next three lines of tape (which must be punched 
in ^^6 form) and assembles them into a l6-digit word in lOR. This si 
instruction must not be followed by another si without at least one 
intervening rd or bi instruction. 

rd — Transfers contents of lOR to AC, then clears lOR in preparation for 
receiving- the next character. The contents of AC will correspond to 
the l6-digit word originally punched on tape. .. As many successive rd 
instructions are necessary as there are words to be read from tape. 
If there are no intervening lines of blank tape, a 6-digit character 
will arrive in lOR every 7 milliseconds. The computer must execute an 
rd instruction often enough to extract a word from lOR and clear I(B 
before the next character arrives from the reader; otherwise an in-out 
alarm will result o Any instructions other than in-out instructions may 
precede each rd . 

si — Stops the reader. Since the reader passes about three-quarters of an 

inch of tape after it has been ordered to stop, it should not be stopped 
except where at least one and one-half inches of blank tape have been 
pro-vided, otherwise information which coasts by the reading head will 
be lost. Any si instruction which has been assigned a function will 
stop the reader, but if the program does not require a specific 
si instruction, use the unique designation si 63O (octal) or . ■ 
si I|.08 (decimal) o 
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Reading vyord-by-word "by "block-transfer instraction . A M instruction 
may take the place of a series of rd instructions. The address of the hi 
nmst he the initial address of the hlock of registers in ES to which the 
words will he transferred, and + n, the number of words to he read, must 
he stored times 2" -^ in AC. The time required for the hlock transfer is 
the same as the total time required to perform the rd instructions it re- 
places. Any sequence of rd and hi instructions mayTbllow a single si* 

Zero-length hlock transfer on hi# The use of a hi instruction cal- 
ling for the transfer of a hlock zero words in length will result in one 
word heing read hut not transferred. The reading of the word actually 
is initiated hy the preceding si^ instruction, hence one word is already 
read hy the time the hi is ready to he performed. If the hi ceills for 
the transfer of no v/ords, the word alresuiy read is simply dTs carded. 

si addresses for the photoelectric reader . The b±^ addresses for the 
photoelectric reader (Plexowriter Input Unit #1) are as follows: 

line-hy-line J si 211 (octal ) or si 137 (decimal ) 

word-hy-word ! si 213 (octal ) or si I39 (decimal ) 

PRIHTEBS 

Action of the printer . Each character to he printed or machine function 
to he performed (for exaniple, carriage return) requires that the computer 
send to the printer a 6-digit hinary .character from the left-hand six digit 
places of AC or of a storage register. Each key on the printer is actuated 
hy a unique code character. The printer utilizes only 5I of the 6^ possihle 
code comhinations, and it will ignore v/ithout consequence the remaining com- 
hinations. The computer- controlled printers will also ignore the "stop" 
code. 

The Fleaowriter Code , The 6-digit code, known as the "PL" Flexowriter 
Code, is assigned arhitrarily hy the manufacturer. The code is given in 
the accompanying tahles. Table 1 is in alphanumerical sequence and Tahle 2 
is in numerical sequence of hinary code characters. 

Programming for printer operation . The printing of alphanumerical 
characters and the performance of machine functions is accomplished hy the 
following sequence of instructions: 

si t Selects the printer designated hy the address t^. The printer will 
remain selected until the next b± instruction Ts executed. 

re— Actuates the printer key corresponding to the 6-digit code character 
contained in digits 0-5 of AC. A time (listed helow) equal to that 
required for the printer to respond to the most recent character most 
elapse hefore the conrputer can perform the next in-out instruction. 
An re instruction is required for each character to he printed or ma- 
chine function to he performed. As many re instructions as necessary 
may he used hefore the next £i instruction. Any numher of instruc- 
tions other than in-out instructions may precede each re. 
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Printing via the "block-transfer instruction * If the Plezowriter codes 
for a group of characters to be printed are stored in sequence and in the 
left-hand 6-digit places in a hlock of consecutive registers, a ho instruc- 
tion may he substituted for a series of re instructions. The address of the 
ho must he the initial address of the block of registers, aad + n, the num- 
^r of registers in the block, mast be stored times 2*" "^ in AC"at the time 
the bo instruction is executed. The time required for the block transfer to 
the printer will be the same as the total time required to execute the re 
instructions it replaces. Any sequence of re and bo instructions may follow 
a single si. 

Printer response times. The approximate times required for the printer 
to carry out various processes are listed below; 

print any alphanumerical character or 
symbol, space, color change, upper 
and lower case shifts .0 •«••••• .135 milliseconds 

back space,, »••«.. . »•.•..• .ISO milliseconds 

tabulation and carriage return. « .200 to 9^0 milliseconds 

si addresses for printers . The si addresses for the printers are as 
follows; DITIT NO. 3 HOT YET AVAILABIiE 

Plexo Output Unit #1 (Room 222) j si 215 (octal) or si lUl (decimal] 
Plexo Output Unit #2j si 225 (octal) or si 149 (decimal 

Plexo Output Unit #3 1 si 235 (octal) or si I57 (decimal! 

PUNCH 

Action of the punch . Each line of digits to be punched on tape- is trans- 
mitted to the punch from the left-hand 6 digit-places of IQR. In the line- 
by-line mode, each recording operation punches one line of tape corresponding 
to the contents of digits 0-5 of lOR. In the word-by-word mode, each re- 
cording operation punches three lines of tape in 55^ form (by successive 
shifts left in lOR) corresponding to the word in lOR. 

Programming for line-by-line mode . Prograjnming for punching in the 
1 ine-by-line mode is as follows ; 

si p Selects the punch, and prepares to punch or suppress the 1th. hole, ac- 
cording to the address p. The punch will remain selected until the 
next si instruction is executed. 

rc-^ Punches in one line on paper tape the 6-digit binary combination cor- 
responding to the contents of digits 0-5 of AC. The "Jth hole position 
is automatically punched, or not, according to the mode determined by 
the most recent si instruction. 93 milliseconds must elapse before the 
computer can perform the next in-out instruction. An re is required 
for each line of tape to be punched. As many re instructions as neces- 
sary may be used before the next si instruction. Any number of instruc- 
tions other than in-out instructions may precede each re. 
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Punching line -by-line by block -transfer ins traction > If the characters 
to be punched are stored in sequence and in the left-hand 6 digit-places in 
a block of consecutive storage registers, a bo instruction may be substituted 
for a series of re instructions. The address of the bo must be the initial 
address of the block of registers, and "t n, the number of registers in the 
block, must be stored times 2"-^^ in AC at the time the bo instruction is 
executed. The time required for the block transfer to the punch will be 
the same as the total time required to execute the re instructions it 
replaces a Any sequence of re and bo instructions may follow a single si . 

Programming for word-byword mode , Programming for punching in the 
word-byword mode is as follows? 

si p Selects the punch, and prepares to punch or suppress the 7th hole, 
according to the address p. The punch will remain selected until 
the next si instruction is executed, 

re — Pimches in 556 form (in three lines) the l6-digit binary combination 
corresponding to the contents of AC* The 7th hole position is 
automatically punched, or not, according to the mode determined by 
the most recent si instruction, 280 milliseconds must elapse before 
the computer can perform the next in-out instruction. An re is 
required for each word to be punched in three lines on tape. As many 
re instructions as necessaiy may be used before the next si^ instruction 
Any number of instructions other than in-out instructions may precede 
each re. 

Punching word-by-word by block^transfer instruction o If the words to 
be punched are stored in sequence in a block of consecutive storage 
registers, a bo instruction may be substituted for a series of re instruc- 
tions. The address of the bo must be the initial address of the block of 
registers, and "l n, the number of registers in the block, must be stored 
times 2~15 in AC at the time the bo instruction is executed. The time 
required for the block transfer to the punch will be the same as the total 
time required to execute the re instructions it replaces. Any sequence 
of re and bo instructions may J^ollow a single si , 

si addresses for punch . The si addresses for the punch are as follows: 

line -by-line normals si 205 (octal) or si 133 (decimal) 

line -by-line, 7th hole suppressed: si 20U (octal) br si 132 (decimal) 

word-by-word, normal: si 207 (octal) or si 135 (decimal) 

word-by-word, 7th hole suppressed: si 206 (octal) or si 13^ (decimal) 
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SCOPES 



Selection of scope displays » The computer program will specify by the 
address of the si instruction a particular "scope intensification line." Any 
scope connected to the selected line will display a point on each of the suc- 
ceeding display ins tractions <► A bank of toggle switches at each scope unit 
permits the connection of the scope to any one or more of the 16 intensification 
lines. 

Scope deflectiou o The Isft-hand 11 digits of AC at the time a display 
instruction is given determine the direction and amount of deflection. The 
positive direction of horizontal deflection is to the right and positive ver- 
tical deflection is upwardo The value 1 - 2""-^^ or its negative will produce 
the maximum deflection » 

Display of a single point . The display of a single point is programmed 
by the following sequence of instructions: 

si s Selects the scope intensification line designated by the address £• 

Sets the horizontal deflection of all scopes to a value corresponding 
to the contents of digits 0-10 of AC, 

re — Sets the vertical deflection of all scopes to a value corresponding to 
the contents of digits 0-10 of AC, Intensifies a point on all scopes 
which are connected to the intensification line selected by the above 
si instruction, 100 microseconds will elapse before the computer per- 
Torms the next in-out instruction. Any number of instructions other 
than in-out instructions may precede each re. Each point to be dis- 
played is programmed in a similar manner. 

Display of vertical lines . The horizontal deflection is set up ty any si 
instruction (including those which do not refer to scopes) and remains unchanged 
until a new si instruction is executed. Similarly, the vertical deflection is set 
up by any re instruction (^diile a scope line is selected) and remains unchanged 
until a new re instruction is executed. Hence a vertical line may be displayed 
simply by a single si to set the horizontal deflection followed by a succession 
of ££ instructions to set up the vertical deflections and display the individual 
points on the vertical line. After each re, 100 microseconds must elapse before 
the computer can perform the next in-out instruction. 
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si addresses for scope lines » The si addresses designating scope inten- 



.cation 


lines are 


as follows: 








scope 


octal 


decimal 


scope 


octal 


decimal 


line 


address 


address 


lino 


address 


address 





si 600 


si 38h 


8 


si 610 


si 392 


1 


si 601 


si 385 


9 


si 611 


si 393 


2 


si 602 


si 386 


10 


si 612 


si 39U 


3 


si 603 


si 387 


11 


si 613 


si 395 


h 


si 60li 


si 388 


12 


si 6l)i 


si 396 


5 


si 60^ 


si 389 


13 


si 615 


si 397 


6 


si 606 


si 390 


Ik 


si 616 


si 398 


7 


si 607 


si 391 


15 


si 617 


si 399 
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TABMI lo THE "FL» FLEXOWRITER CODE 
Alphantunerical Sequence 



Lowieir Upper 
Case Case' 


Charabter Decimal Octal 
123A56 Value Value 


Lower Upper Character Decimal Octal 
Case Case 12^456 Value Valtie 


a A * 


000110 


6 6 


^0 nmo 


62 76 


b B 


110010 


50 62 


1 ^ 010101 


21 25 


c C 


011100 


28 34 


2 2 001111 


15 17 


d . D 


010010 


18 ?? 


3 ® 000111 


7 7 


6 E 


000010 


2 2 


4 • * ooion 


U 13 


t F 


011010 


26 32 


5 3 010011 


19 23 


g G 


110100 


52 64 


•6 oiion 


27 33 


h H 


101000 


40 50 


7 "^ oioni 


23 27 


■.•1 : ■'■^'i'" 


001100 


12 14 


8 s 000011 


33 


y J 


oioiao 


22 26 


9 ® nouo 


54 66 


k K 


onno 


30 36 


|. oopioi 


5 5 


1 L 


100100 


36 44 


space bar OOlOOO 


8 10 


m M 


111000 


56 70 


V 001001 


9 11 


n H 


ondoo 


24 30 


::■». ./_ 001101 


13 ■ 15 





110000 


48 60 


color change OlOOpO 


16 20 


P P 


101100 


44 54 


) 010001 


17 21 


q 4 


loi^o 


46 56 


, ( 011001 


25 31 


r R 


010100 


20 24 


- - - " 011101 


29 35 


■■v.s.^- ••■;,,&■; 


ppioio 


,10 12 


back space lOdOll 


35 43 


;..4'--^"f \. 


' iooooo 


32 40 


tabulation lOOlDl 


37 45 


; flV; "ii^' 


boino 


14 16 


carr» return 101001 


41 51 


'■>:. ^ ■ Tv. 


111100 


60 74 


stop 110001 


^9 60L 


w w 


100110 


38 46 


upper case lllOOl 


57 71 


X 1 


111010 


58 72 


lower case llllOl 


61 75 


* ■ . * 


lOlaio 


42 52 


malliftf lUlll 


63 77 


. ■#■ . ^^ 


mm 


n 42 


; ■ . ■ ' 
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TABLE 2o THE" ^^FL" FLEXO^HER CODE 
Binary Numerical Sequence 



Ptclxal 
yalu^ 



I 

Va' 

3 
4 
5 
6 
7 
8 
9 

^^. 

U 
15 
16 

la 

19 



20 



^-4 



21 

24 



2? 

26 

29 

30 



Octal 
Value 



1 

2 
3 

5 

6 

7 
10 
U 
12 
13 

15 
16 
17 
20 
21 
22 

a3 

24 

25 



30 
3i 

32 

33 
34 
35 
36 

37 



Character Lower Upper" 
123456 Case Case 


Decimal 
Value 


Octal 
Value 


Character 
123A56 


Lower Upper 
Case Case 


000000 


riot.cjasdd 


' 32 


40 


100000 


t-- T 


000001 


not used 


33 


41 


100001 


not used 


000010 




£ 


34 


42 


100010 


2 2 - 


000011 


S 


. 3 


35 


43 


100011 


back space 


000100 


not used | 


36 


U 


100100 


1 L 


000101 


1 


o^ 


. 37 


45 


100101 


.tabulation 


ooono 


a 


A 


36 


46 


100110 


w W 


000111 


3 


3 


39 ' 


47 


loom 


not used 


001000 


space 


bar 


40 


50 


101000 


h H 


001001 


= 


'* 


a 


51 


101001 


cQZTo rotuni 


001010 


Q 


S 


42 


52 


101010 


y I 


ooion 


4 


4 


43 


53 


101011 


not used 


oonoo 


i 


1 


44 


54 


101100 


P P 


001101 


+■ 


/ . 


45 


55 


101101 


"not used 


001110 


u 


*tJ 


46 


56 


101110 


q Q 


001111 


2 


S 


• 47 


57 


lonii 


not used 


010000 


color 


change 


48 


60 


110000 





010001 





) 


49 


61 


^110001 


stop 


010010 


d 


D 


50 


62 


110010 


b B 


oioon 


5 


§ 


51 


63 


iioon 


not used. 


010100 


r 


R 


' 52 


64 


110100 


g G 


010101 


1 


1 


53 • 


65 


110101 


Bot used 


910110 


J 


J 


54 


66 


uono 


9 ® 


oioin 


7 


r 


55 


m 


iioni 


not used 


011000 


^ 


n 


56 


70 


niooo 


m @ 


011001 


9 


{ 


57 


71 


HlOOl 


upp&r eaao 


011010 


f 


F 


58 


72 


UIOIO 


X I 


onoii 


6 


e 


59 


73 


moil 


not used 


011100 


c 


C 


60 


74 


111100 


V V 


011101 


es) 


(33 


61 


75 


inioi 


lower caso 


onno 


k 


K 


62 


76 


111110 





oinii 


not -used 


63 


77 


mm 


nullify 



Memorandum M~l623*l 



Page 21 



REFERENCE LIST OF si ADDRESSES 



All of the presently assigned si addresses are listed below in numer- 
ical sequence, together with very brief notations of their functions. 



AD = Auxiliary magnetic drum 
BD = Buffer magnetic drum 
CA = Camera 
¥1 = Flexowriter input unit 



FO = Flexowriter output unit 
MT = Magnetic tape 
SC = Scope intensification line 
ST = Stop 



Address 


Unit 




Address 


Unit 


t 




Oct. (Dec) 


Class 


Ser, 


Mode 


Oct<,(DeCo) 


Class 


Ser. 


Mode 


(0) 


ST 


_ 


stop compo 


137 (95) 


MT 


3 


red rev 


1 (1) 


ST 


- 


cond<, stop 


200 (128) 


FI 





1-by-l 


100 (6k) 


MT 





rer fwd 


202 (130) 


VI 





w-by-w 


101 (65) 


MT 





rer rev 


201+ (132) 


FO 





l-l^y-ljsupp 7 


102 (66) 


MT 





read fwd 


205 (133) 


FO 





l-by-ljno sup 


103 (67) 


MT 





read rev 


206 (13U) 


FO 





w-by-w J supp 7 


106 (70) 


MT 





red fwd 


207 (135) 


FO 





w-by-wjno sup 


107 (71) 


MT 





red rev 


211 (137) 


FI 


1 


1-1^-1 


no (72) 


MT 


1 


rer fwd 


213 (139) 


FI 


1 


w-by-w 


111 (73) 


MT 


1 


rer rev 


215 (lia) 


FO 


1 


- 


112 (7h) 


MT 


1 


read fwd 


220 (Ikh) 


FI 


2 


1-1^-1 


113 (75) 


MT 


1 


read rev 


221 (lij.5) 


FT 


2 


b-by-1 


116 (78) 


MT 


1 


rec fwd 


222 (lk6) 


FI 


2 


w-by-w 


117 (79) 


MT 


1 


rec rev 


223 (ll;7) 


FI 


2 


b-by-w 


120 (80) 


MT 


2 


rer fwd 


225 (ll;9) 


FO 


2 


- 


121 (81) 


MT 


2 


rer rev 


230 (152) 


FI 


3 


l-l^-l 


122 (82) 


MT 


2 


read fwd 


231 (153) 


FI 


3 


b-t^-1 


123 (83) 


MT 


2 


read rev 


232 (151;) 


FI 


3 


w-by-w 


126 (86) 


MT 


2 


red fwd 


233 (155) 


FI 


3 


b-by-w 


127 (87) 


MT 


2 


red rev 


235 (157) 


FO 


3 


- 


130 (88) 


MT 


3 


rer fwd 


500 (320) 


CA 


- 


- 


131 (89) 


MT 


3 


rer rev 


600 (38U) 


SC 





- 


132 (90) 


MT 


3 


read fwd 


601 (385) 


SC 


1 


- 


133 (91) 


MT 


3 


read rev 


602 (386) 


SC 


2 


- 


136 (9h) 


MT 


3 


red fwd 


603 (387) 


SC 


3 


i. 



Memorandiim M-l623~l 



Page 22 



Address 


Unit 




Oct* (Dec •) 


Class 


Ser 


60U (388) 


SO 


k 


605 (389) 


SO 


5 


606 (390) 


SC 


6 


607 (391) 


SO 


7 


610 (392) 


SC 


8 


611 (393) 


SC 


9 


612 09h) 


SC 


10 


613 (395) 


SC 


11 


6lU (396) 


SC 


12 


615 (397) 


SC 


13 


616 (398) 


SC 


lU 



Mode 



Address 


Unit 






Oct«(DeCo) 


Class 


Ser« 


Mode 


617 (399) 


SC 


1^ 


-. 


630 (U08) 


ST 


- 


unit stop 


700 (iil|8) 


AT) 


- 


rd: - 


701 (hh9) 


AD 


- 


rd: new gp 


702 (1^50) 


AD 


- 


rd: new addi 


703 (h^) 


AD 


•* 


rd: gp& addi 


10k (U52) 


AD 


- 


re: - 


705 (U53) 


AD 


- 


re: new gp 


706 (k$h) 


AD 


- 


re: new. addi 


707 (11.55) 


AD 


- 


re: gp& addi 
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M-1591 Special Input Program, T-2000 
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sdbjecitj compbehensive system of service routihes 

To: S, & E# 0, Group and GroTip 61 

Prom; H. Uchiyamada 

Date: DecemlDer 17, 1952 

A"bstract: The Comprehensive System of Service Routines provides for con- 
version "by WWI to "binary form from Plexowrlter-coded perforated 
tapes prepared according to conventions which have "been chosen to 
facilitate the task of coding programs for WV/I, In addition to 
straightforward conversion of function letters and decimal addresses, 
the Comprehensive System (CS) provides for (l) iise of floating 
addresses for which assignment of final storage locations is made "by 
the computer (this has the important advantage of permitting inser- 
. tions and deletions of instructions without extensive renumljering in 
the program) (2) automatic selection of Input/Output and Programmed 
Arithmetic (PA) interpretive subroutines which eliminates to a con- 
siderahle degree the time wasted in handling tapes and the possible 
errors involved (3) automatic cycle control (patterned after the 
Hsmchester B-tuhe) avB-ilable within the PA routines which will re- 
duce the need for using uninterpreted WWI instructions within an 
interpreted program and which will generally facilitate programming 
(4) tha handling of generalized decimal mmbers (gdn) of the form 
iz X 2« ^ X to ^ which enables the programmer to express numerical 
data in whatever form is best suited to the particular calculation. 

Comment: The author has acted, in the main, as editor of this E-note. Sec- 
tions have been written by Eric Mutch, John Prankovlch, Prank Helwig 
and Edwin K6pley« The CS as a whole represents the work: of many 
people in the Scientific and Engineering Computation Group, This 
note is intended as a reference manual, not as an introductory 
presentation of programming techniques and conventions, which will 
be available later* 
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Accimulator , 12 

multiple register, 12, 16, 23 
Address, 3, 4- 

absolute, 5, 7 

assignment, 5, 8 

current, 5, 6, 10 

definite, 10 

floating, 3, 4-, 6, ^, 9, 10 

indefinite, 10 

relative, 3, 4, 5, 7, 9 

temporary storage, 3, 4.» 9 
Ambiguities, 9 

list of, 11 



B 



Block counter, 24 

Buffer register, 9, l6, 17 



Carriage return, 5, 8, 10 
Characters 

special, 25 
Comma, 5, 9 

Comparison register, 15 
Constant syllables, 3 

integers, 3 

octal niambers, 3 

operations, 3 
Current address, 6, 7, 9 

indicator, 5 
Cycle control, 14, 17 

count, 9, 15 

decrease, 15 

exchange, 15 

increase, 15 

reset, 15 



D 



Decimal point, 22 

integers, 3 
Definite address, 10 
DITTO, 4, 10, 11 



E 



Equals sign, 5, 8, 9, 10 
Exponents, 23 



Fence, 4, 10 

Floating address, 3> 4> 6, 7 

assignment, 8, 9 
Format, 23, 24 
Frame, 23, 24 

example of, 23, 24 



Generalized decimal number, 8, 10^ 

13, 14 



IN, 4, 10, 13 

Indefinite address, 10 

Index register, 15 

Initial zero suppression, 22 

In/ Out, 21 

Input, 21 

Integers, 3 

decimal, 3 

literal, 3, 9, 15, 16, 17 
Interpreted operations, 3, 12,15,1 

functions of , 19 
Interpretive subroutines, 12 

entry to, 13 

exit from, 13 

automatic assembly of, 17 



Literal integers, 3, 9, 15, 16, 17 

M 

Magnetic tape units, 21 

MOD, 4 

Multiple-length number, 4 

fixed point, 4 

floating point, 4 
Multiple register accumulator (MRA) 

12, 16, 2 

N 

NOTPA, 4, 17 

Number specimen, 21, 22 

Number system, 4, 12, 21 
indicator, 4 

multiple-length, 4, 12, 14 
single -length, 4> 13, 14 
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Numero scope, 21 



Octal numbers, 3> ^ 
Operations, 3 

interpreted, 3 

WWI, 3 
Oscilloscope, 21 
OUT, 4, 10, 13 
Output, 21 

equipment, 21 

special words, U 

sp'eeds, 21 



PA, 4, 12 
PARAMETER, U 
Parametric syllables ,3 

floating address, U 

preset parmeters, 3» 8, 9, 10 

relative address, A* 9 

temporary storage, Ut S, 9 
Personal parameter, 3, 7, 8 
Preset parameters, 3, 7, 8, 9, 10 

personal, 3i 7, 8 

subroutine, 3, 7, 8 

universal, 3 > 7, 8 
Print, 21 
Program, 3 

Programmed Arithmetic ,12 
Punches, 21 



R 



Relative address, 3» 4.> 5, 9 

indicator, 5 
Rules, 8, 9, 10, 11 



Scale factors, 23 

Single-length number, U 
fixed point, 4- 
floating point, U 



Special output characters, 25 
Special words, 4.> 10, 11, 13 
Specimen number, 21, 22 
START AT, 4.1 9 

i START AT, 4, 9, 10 
Stem, 9, 10 
Sub-blocks, 17, 18 

buffer, 18 

cycle coimt, 18 

divide, 18 

PA, 18 
Subroutine ,5,8 

parameter, 3, 7, 8 

interpretive, 12, 13 
Syllables, 3, 8, 9, 10, 11 

constant, 3 

parametric, 3 



Tab, 5, 8, 10, 24 

Temporary storage, 3, 4> 8, 9 

Terminating characters, 3,5 

output, 23 
Typewriters, 21 

U 
Universal parameter, 3> 7, 8 

V 
Vertical bar, 5 

W 

Words, 3 

output, 4 
program title, 4 
special, 4 

Z 

Zero suppression, 22 
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I, Introduction 

A program is an ordered sequence of words, vnritten with the intention of 
having it typed on paper tape in the (new) Flexo-K3ode and inserted in WWI by 
the intermediary of the Comprehensive Conversion Program (CCP) • 

A word is a finite ordered sequence of syllables o Normally all the sylla- 
bles forming a word must be separated by a plus or minus sign, but plus signs 
may be omitted wherever there is no danger of ambiguity o Details of this and 
other riiles governing the assembly of syllables will be given in Section II* 
Any word made up of one or more syllables must be followed by a terminating 
character. There are four possible terminating characters giving four possible 
ways in which the conversion program will treat the wordo These terminating 
characters and their functions will be described 'in Section IIo A given word 
is meaningful, from the conversion program's vievjpoint only if the words, or 
syllables, respectively, are chosen in a manner not contrary to any of the rvileso 
Any combination of words or syllables not forbidden by the rules will be accepted 
by the conversion program. Special words will .be, described later in this section. 
A single length word is represented in WWI by ^^.>l6 binary digit array. 

Syllables may be divided into two classes, namely, constant syllables 
and parametric syllables » The class of constant syllables includes opera- 
tions, integers and octal numbers o The class of parametric syllables 
includes preset parameters, relative address, temporary storage, and 
floating address o 

Constant Syllables 

Operations are of two kinds, namely, WWI orders and interpreted 

,, orders o The WWI operations or orders (ca, cs, slh, sir, srh, etc) 

are described in detail in M-I624.0 The interpreted orders (ica, ics, 
etco) will be found listed with their functions under Section III on 
Programmed Arithmetic (PA)o' 

Integers may be positive or negative decimal integers or the 

literal integers, b or Co The decimal integers used are 0, 1,' 2, , 

32767 with an impliicit factor of 2~-'-5 and no decimal point » The 
literal integers serve a specific purpose which will be described 
under Section III on PAo 

Octal numbers are of the form do°d-]rd2dod/dc where d , the sign 
digit, is either or 1 and where d^oo^d^ are tne octal digits having 
one of the values 0, 1, 2^ 3j> 4-, 5, 6, 7. A lo indicates the start 
of a negative octal number the remaining digits being the sevens 
complement of the absolute magnitude of 'the number* If an octal 
number occurs as a syllable in a word, it must always be the first 
syllable, iceo only one octal number syllable can occur in any word. 
An example of a positive octal number is Oo04.573« In order to 
obtain the negative of this number one must change the 0. to 1,, and 
also get the sevens complement of the five octal digits following the 
sign digits thus the negative becomes lo 73204-. ' 

Parametric Syllables 

Preset parameters are of the formcsii^'^o'^j where oCj is u, p or z 
depending on whether the parameter is of the type universal (assigned 
particular meaning and never used for anything else) , personal (can 
be used by anyone to mean anything desired) or subroutine (for para- 
meter in subroutines) respectively j 0C2 is any letter of the alphabet 
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except o and I5 and # is any decimal ntunber of the form 1, 2, 3> 000, 
255? with initial zero suppressedo 

A relative address is one which is used for writing instructions 
within a subroutine or within any block of instructions with addresses 
relative to the start of the block (that is, as if the block started 
in register zero) o Such relative addresses are obtained by including 
an "r" in the address of the instruction, eogo ca 35r (which consists 
of the three syllables ca + 35 + r) o 

The single lower case letter "t" indicates the zero-th register 
of a block of temporary storage' o' Its value must be assigned in the 
same way as for a preset parameter o See Section II on preset para- 
meters o 

A floating address is one which enables a programmer to write 
his instructions so that they refer to the words of his program and 
not to the locations of those words in storage o 

Special Words 

The following are different groups of special words ; 

Program titl§ words: TAPE, MOD, PARAMETER, siif fixed by 

additional information 
Output wordsf TOA, FOR etCo (See Section IV under Input/ 
Output) perhaps suffixed by additional 
information and perhaps preceded by an i 
Number system indicators; MULTIPLEj SINGLE, (mj,n) where 

m and n are integral numbers.. 
• For details see Section III 
under PoA. 
Entry to and exit from PA routines; INf OUT* 
Word called a fence: l||ooo||| (ioeo 25 vertical bars) 
Words: DITTO 5 START AT, i START AT, the last two of which 

are suffixed by the. starting address 
Denial of need for a PA interpretive routine; UOTPA. 
Special words which are ignored; LSR (library of subroutines) , 

END OF SUBROUTINE 

The number system (m^n) indicates a number, m-binary digits long with 
n the number of binary digits in the exponent of 2, and the number is of 
the form "Z-= x°2y where x is a m binary digit number and y is ^ n binary 
digit number.. A single length number with a fixed point would be a (15 ,0) 
numbero An example ofasingle length floating point number would be (15,15) » 
An example of a multiple-length number with a fixed point would be (30,0)o - 
An example of a multiple -length number v/ith a floating point is (30-jjj) 
where 1 <;. j ^ 14° For a detailed description of multiple length nimbers 
see Section III on PA„ Single length numbers with fixed point are 
adequately handled by the WWI operations o Multiple-length and. single 
length floating point numbers are handled by the interpretive operations 
for which see Section III on PAo 



■•■ All special Words must be terminated by a tab or carriage return o ' 
■*^ Only these Special Words occupy storage registers o 
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IIo Prograjnaing 

Terminating Characters and their Functions 

Any word made up of one or more syllables must be followed by a terminating 
character o There are four possible terminating characters giving four possible 
ways in which the conversion program will treat the wordo 

Tab ( — -^1) or _ "vrord to be stored" indicator. This causes tl:^e 
Carriage Return (\) word to be stored in the register determined by 

the current address indicator, unless the word is 
preceded by an equals sign, for which see below. 

Vertical bar (|) = address assignment indicator o This causes the 

current address indicator to be set to the value 
corresponding to the preceding wordo Thus the 
following word to be stared will be placed in the 
register thus indicated regardless of consecutivity. 

Comma (>) ' = floating and/or relative address assignment indica- 
tor (see paragraphs on relative and floating 
addresses below) 

Equals sign (=) , = parameter assignment indicator. This causes the 

parameter immediately preceding the equals sign 
to be set to the value following it (which will 
be terminated by a tab or carriage return) . If 
no word follows the equals sign (i.e. if the next 
symbol is a tab or carriage return) the parameter 
will be assigned the value zeroo 

Absolute Addresses ' 

At the stairt of a program and at a,ny pointi" thereafter a decimal integer 
followed by a vertical bar (eog. 96|) indicates the location into which the 
next word is to be placed* In the abseVce of any further indication words will 
be stored consecutively 5 in the absence of an initial indication words will be 
stored consecutively starting in register 32 (decimal) o Note that this con- 
version program does not permit the use of octal addresses . 

Relative Addresses 

Instructions within a subroutine or within any block of instructions may be 
i«n[*itten with addresses relative to the start of the block. Such relative 
addresses are obtained by including an "r" in the address. This causes the 
content of a special register kno\ra as the relative address indicator (r«a.i) 
to be added to the instruction during conversion. The r.a.io may be set at 
the beginning of the block by the symbols Or, which cause it to be set to the 
value of the current address — i.e. the address into which the next word will 
be put. If an integer n precedes the letter r instead of the zero the r.a.i. 
will be set to a value equal to the current address minus the integer n; e.go 
if the current address is 90 the symbols 5r, will set the r.a.i. to B5o Note 
that a comma following a floating address will also set the r«aoio (For details 
see the following paragraph on floating addresses.) The current address indica- 
tor may be set to a desired relative value at any point in a program by punching 
that value followed by the letter r and a vertical bar 5 e.g. 35r| will cause the 
next word to be stored in 35r regardless of consecutivity,, 
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Floating Addresses 

As already stated a fljpating address system is designed to enable a 
■programmer to write his instructions so that they refer to the words of his 
program and not to the locations of those words in storage . 

For example, consider the following set of instructions with fixed addresses: 



32| 


ca 41 


331 


ad 100 


341 


ts a 


351 


ca 4.2 


361 


ad 100 


371 


ts.42 


3S| 


ca 43 


391 


ad 100 


40| 


ts 4.3 


ai 


ca 101 


4.21 


mr 102 


0\ 


ts 103 


hU\ 


cp 32 



Seven of these instructions refer to the locations of other instructions within 
the group o If any instructions (or words) were to be added to or deleted from 
this set, a considerable amount of renumbering wo\ald be necessary, in general » 
A floating address system removes the need for this, by labelling each word to 
which reference is made by a floating address label. The floating address is 
of the form'=(#, where c\ is any lower-case letter of the alphabet except o and 
1, and where # is any integer of the form 1, 2, 3,«>»», 255 with initial zeros 
suppressed* This floating address, without the comma, is then used as the 
address section of any instruction which is to refer to the word so labelled. 
Thus the above program might become: 



f3, 


ca m9 




ad 100 




ts m9 




ca h5 




ad 100 




ts h5 




ca b2 




ad 100 




ts b2 


m9, 


ca 101 


h5. 


mr 102 


b2. 


ts- 103 




cp f 3 



Note that floating addresses may be used in any order and that words referring 
to a floating address may occur either earlier or later than the word labelled 
by the corresponding floating address. Thus insertions into or deletions from 
such a program may be made without any renumbering or any alterations to the 
existing words. 

The current address is the address of the register into which the next 
word will go. If the next word occupies several registers, then this is the 
address of the first register of the word. When a floating address is read, 
the donversion program records it, together with the current address, a:s an 
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entry in a special table. The word following is then stored away in the normal 
manner — i.e. in the location specified by the current address. At a later stage 
in the conversion — when all the information to be converted has been read — all 
words referring to floating addresses have added to them the relevant entries 
from this table;- The letter and numberCs) forming a floating address may be 
chosen at will (within the limits already set on floating address labels) but 
care must be taken that the sum over all letters of the maximimi numbers- used 
for each letter does not exceed 255 '(e.g. if only floating addresses a3> al7, 
d9> x31> xlCX) and ^5 were used in a given program, the condition would be 
satisfied because 17 + 9 + 100 + 5 = 131 < 256) . The comma following a floating 
address serves also as a reference for relative addresses which follow, by 
setting the relative address indicator to the value of the current address indi- 
cator (c.a.i.). 



Examples 



(Absolute address) — -^ 34.| 

(Floating address) — ^ g7, 

(Relative address) — ■> J+r\ 

(Floating address) — •> a2, 



ca g7' <=•— 
sp 73 <--' 

ts 2r <"- 

si 7a2'<— 
+ 3 
-.0055 



(floating) 
(absolute) 
(relative) 
(floating) 



The words in this example would be converted to: 



34 


ca 35 


• 


35 


sp 73 




36 


ts 37 




37 


, — 


(contains +0) 


38 


-.- 


(contains +0) 


39 


si 4.7 




AO 


+3 




a 


-.0055 





A word not itself labelled by a floating address may be referred to in floating 
address fashion relative to a preceding or following word which has a floating 
address. Thus the word "si 7a2" in the above example refers to the seventh 
word after the word with the floating address "a2". The same word could be 
referred to by the floating address 12g7. It is of interest to note in this 
respect that a2 = 5g7 and g7 = -5a2 (+ is implicit between -5 and a2) . Note 
that no additions or deletions may be made between a word referred to by such 
means and the word carrying the floating address without a certain amount of 
renumbering. Corrections may be made to words already labelled by floating 
addresses, and to the words following them, by preceding each corrected word by 
the relevant floating address terminated by a vertical bar instead of by a comma, 
e.g. 

g7l sp 72 
la2l -.0065 

would amend the second and last orders of the above example. 

Preset Parameters 



The three classes of preset parameters, (universal, personal, and sub- 
routine) have already been mentioned in the introduction. A preset parameter 
consists of two lower case letters followed by a decimal integer less than 
256 but greater than zero. The second; letter may be any letter other than o 
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or 1. The first letter is used to distinguish the three classes of parameters, 
ioeo u for universal parameter, p for personal parameter and z for subroutine 
parameter, (Note that the letter s could not be used to indicate a subroutine 
parameter owing to the fact that the conversion program would confuse an sa 
parameter with an sa IJWI operation,' etc.) Care must be taken that the sum over 
all parameter letter pairs of the maximum numbers used for each letter pair 
must not exceed 4-0 (e.g. if only parameters pa2, za5, za7, pd7, zg4., ug6, ug8 
and zzll were used in a given program, the condition would be satisfied because 
2+7+7+4+8+11 = 39<41. If the single lower case letter "t" were used anyt/here 
in the program one more would have to be added to the sum which must not exceed 
40 o In the example given above if a "t" was used anywhere in the program the 
condition would still be satisfied since 39+1 = 4-0<41.)» A value may be assigned 
to a preset parameter by a X'/ord consisting of the parameter follov/ed by an 
equals sign and the value to be assigned terminated by a tab or carriage return. 
After assignment any number of parameters may be added to or subtracted from 
any word.. Preset parameters may be assigned values which depend on other preset 
parameters. They may also be assigned values which depend on floating addresses. 
Subroutine library tapes will begin with the symbols fLSRi follov/ed by the cata- 
log number and the title of the subroutine. After the title the various para- 
meters needed by the subroutine will be listed, each followed by an equals sign, 
a stop character and a tab or carriage return. Thus, when copying a library 
tape onto a program tape, parameter values may be inserted by hand each time the 
Flexov/riter stops. If the value of any parameter is zero, nothing need be in- 
serted and it is only necessary to restart the Flexowriter. 

Examples ,. illustrating point m^de above on preset parameters, follow: 

um3=+3 universal parameter 

ca71+um3 word becomes ca74. , ^ ./ 

pm3=0. 00020 personal parameter 

^, sir+pm3 word becomes sjlrlG 

zm3=rsO subroutine parameter 

zs2=pm3+um3 subroutine parameter 

cs7-zm3 word becomes ca7 '' 

sirzs2 word becomes s^rl9 

The value of a temporary storage parameter is assigned in the same way as 
for a preset parameters e.g. t=190 or t=pn3 or t=f3t To refer to a temporary 
storage register in an instruction, the fourth for exam.ple, the symbols 3t are 
usedj e.g. ca3t. 

Rules for forminp: words out of syllables 

1) No other syllable may occur in a generalized dec5.mal number but the 
generalized decimal number and the terminating character. .A generalized 

decim^al number is of the form +did2 dfe.dk+l diiix2 ^iclO ^ where 

O^k^m^lS and 3fx and<ri are integers, signed if negative, otherwise not 
signed, and such that the final number is restricted by the number 
system indicated by the programmer. 

2) Only one octal number syllable can occur in any word, i.e. the octal 
number syllable must always be the first syllable. 

3) A word, address assignment, parameter assignment, or floating address 
assignment can be found by the sum formed by "special add" of 
successive syllables contained in them. (Note that the value thus 
obtained depends upon the sequence in which the syllables are written.) 
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4.) A plus or minus sign preceding a syllable, indicates that the value of 
the syllable is to be multiplied by +1 or -1 respectively before being 
added into the word value. 

5) A plus or minus sign should always be used when there is an ambiguity 
in the meaning of a syllable or pair of syllables • (For examples of 
ambiguities see list of ambiguities.) 

6) Rules concerning the use of single letters: 

i) t is considered exactly as a preset parameter, and is usually 

used to indicate the zero-th register of a block of temporary 
storage registers. 

ii) b has the value of the address of the buffer storage register 
in PA routines. 

iii) c adds a value to the word sufficient to change an interpreted 
instruction into a cycle count interpreted instruction and 
should be used only with its, iex, ica, ics, iad, isa, imr, 
idv, isp. 

iv) r is the relative address and is given a value each time a comma 
occurs. 

r = current address - stem, 
A word containing the terminal character "," a^d at most one 
floating address syllable and one integer syllable, is called 
a floating address assignment , e.g. "7g9>"» The stem of a 
floating address assignment or parameter assignment is the 
integer (if it exists) which precedes the lower case letter 
in the floating address assignment or parameter assignment. 
In the example above (7g9) 7 is the stem. 

7) Whenever a "," occurs, the floating address in the floating address 
assignment is set equal to the current address less the stem. 

8) Whenever an "=" occurs, the parameter in the parameter assignment is 
set equal to the following word less the stem, 

9) A starting address word consists of a START AT or i START AT, suffixed 
by any word, i.e. the starting address including a tab or carriage 
return. 
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Rules for forming a program out of words 

1) A fence (at least 25 vertical bars) must occur initially and terminally 
in a program. 

2) The initial word of a program will go into the initial register of 
storage (i,e» register 32) and successive words will go into successive 
registers unless an address assignment is made. An address assign - 
ment consists of constant (except octal numbers) and/or parametric 
syllable (s) followed by a vertical bar. A definite address is one 
where the value is explicitly known. An indefinite address is one 
which depends upon floating addresses or parameters, i.e. only implic- 
itly known. The current address is said to be indefinite, following 
an indefinite address assignment, and is said to be definite as soon as 
a definite address assignment is made; but is called indefinite again 

if another indefinite address assignment is made. If an address assign- 
ment (definite or indefinite) is made, the word following such an 
address will go into the register indicated by the address assignment, 
(Note that in the case of a definite address assignment the current 
address is given directly, whereas in the case of an indefinite address 
assignment the current address may be found indirectly) . If no initial 
address assignment is made, the current address is considered to be 
definite. 

3) No floating address assignments may be made while the current address 
is indefinite. 

4.) The special word "i START AT" must occur just before the last word. 

5) Titular special words usually occur immediately after the initial 
fence, but may occur anywhere. 

6) A fence must occur both before and after any output or titular special 
word • 

7) A word containing the terminal character "=" and at most one parameter 
syllable and one integer syllable, is called a parameter assignment, 
eog. "5pclO=". The word following a parameter assignment, less the 
stem of the parameter assignment, is the value given to the Indicated 
parameter. For example, if the word following the above parameter 
assignment is 7 (i.e. 5pclO=7), then pclO=7-5, which says in effect 
that the parameter is assigned the value 2. 

8) A generalized decimal number will be converted to the num.ber system 
indicated by the last preceding number system indicator i- i.e. SINGLE 
means that the number will be converted to the (15,0) system, and 
MULTIPLE to the system determined by the preceding (m,n) , otherwise 
to (15,0), 

9) Words occupy one register of storage, generalized decimal numbers 
^+r^l5 registers, output special words and IN and OUT one register 
each. No other kinds of words occupy any register of storage. 

10) The special word DITTO, followed by a tab ( — ^|) or carriage retiirn (^) 
must be preceded by a word or generalized decimal nxmiber and followed 
by an address assignment. The word or generalized decimal number pre- 
ceding the DITTO will be ditto 'd up to but not including the address 
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indicated; e.g. 1311 i^would cause the word or generalized decimal 
number preceding DITTO, to be stored in the registers up to but not 
including 131. 

11) The special words LSR--, END OF SUBROUTINE—, OCTAL—, and DECIMAL—, 
including all words that follow these special words up to tab or 
carriage return are ignored by the conversion program. (One result 
is that octal addresses are not permitted). 

12) A parameter must be assigned before it is used. 

List of common ambiguities 

write cl+c ^ if the floating address cl is meant i 
write sl+c « ti « « si " " 
write al"] 

write bl > i.e. initial zeros must be suppressed 
write si y 

Some ambiguities of the conversion program are not obvious to the programmer • 
In particular, single letters may not be vrritten without preceding and following 
it by a plus or minus sign; e.g. not tea, but +t+ca 

not imrtc, but imr+t+c 
To avoid difficulties always use a + between two syllables. The + may always be 
omitted between function letters and the next syllable. 



cic 


vs 


clc, 


s^c 


vs 


sic, 


aol 


vs 


aOl, 


bol 


vs 


bOl, 


sol 


vs 


aOl, 



Page 12 

III, Programmed Arithmetic 

Number Systems and Preliminary Definitions 

In the following discussion we shall frequently refer to (m,n) numbers 
where (m,n) = (30,0) or (15,15) or (30-j,j), j = 1, 2,..., U. We now define 
these numbers. 

(i) A (30,0) nimber is a 30 digit binary nimiber withSr»the binary point at the 
left-hand end of the number. Such nimbers are stored in two consecutive 
registers, say q and q+1, with the most significant' part of the number 
being contained in register q. We shall refer to this number as "the 
(30,0) number contained in "location" q." 

(ii) A (15,15) number is a number which has been expressed in the form 

^= x«2y 
where x is a 15 binary digit number such that 1/2^.. x^l or x=0 and y is 
a 15 binary digit integer. Such numbers are stored in two consecutive 
registers, say q and q+1. The number x is stored in register q and the 
nijmber y is stored in register q+1. We shall refer to this number as the 
(15,15) number contained in "location" q. 

(iii) A (30-j,j), 3 = 1> 2,..., 14- number is a number which has been expressed 
in the form ^ 

"2= x.2y 

where x is a 30- j binary; digit niunber such that 1/2-^ x^l or x=0 and y 
is a j -digit binary integer. Such numbers are stored in two consecutive 
registers, say q and q+1. The 15 most significant digits of x are stored 
in register q and the 15 -j least significant" digits of x are stored in 
the right-hand 15 -j digits of register q+1. The integer y is stored in 
the left-hand j digits of register q+1. The sign digit of register q+1 
refers to the sign of y. We shall refer to this number as the (30-j,j) 
number contained in "location" q. 

On the basis of the above definitions it should be noted that ordinary 
calculations on IWI are in the (15,0) number system. (30,0) and (15,0) numbers 
shall be rafarred to as fixed (binary) point nimbers. (15,15) and (30-j,j} 
numbers shall be referred to as floating (binary) point numbers. 

Interpretive Subroutines 

(m,n) interpretive subroutines shall m^ean a particular group of coded 
programs whose purpose is to facilitate computation using (m,n) numbers. These 
enable the programmer to write coded programs using (m,n) numbers which are in 
many ways analogous to ordinary Wl-JI coded (15,0) programs. Such programs, when 
called into action, take "interpreted instructions" (more strictly, program 
parameters written as instructions) one at a time from consecuitve storage 
registers and perform the designated single address operations as defined by 
the interpreted instruction code. (For a complete list of interpretive opera- 
tions and their functions see end of Section III.) 

A multiple register acc-umulator (MRA) is used in place of the AC in many 
interpreted instructions. The MRA is not a special register as is the AC, but 
rather is a group of 3 ordinary storage registers contained within the inter- 
protive subroutine. 
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Entry to and Exit from Interpretive Subroutines 

Entry to the interpretive subroutine is accomplished by means of the (15,0) 
vjord IN. This word is changed into a (15,0) sp instruction by the ^^ which ■ 
transfers control from the program to the proper register in the interpretive 
subroutine. The instructions following the word IN are then performed as inter- 
preted instructions, e.g. - 

32I IN 

rul 4*^^?'^ 1 "^^^s program forms the sum of the {m,n) numbers in 
^41 la^^V locations 50 and 52 
• » • • • 

Exit from the interpretive subroutine is accomplished by means of an inter- 
preted instruction sp. In this particular case the interpreted instruction^ sp^ 
and the (15,0) WWI instruction, sp have the same binary value- As an example v/e 
have . .- 

32I IN 

331 lca50 

34-1 iad52^ 

351 sp 60^ "^ 

6nl "'''Oof ^^^>^' ^'^'^ operation Is resumed at register oO 

• • • * • 

Since it is frequently desired to resume (15»0) WWI operation at the reg- 
ister following the interpreted sp the special word OUT has been included in 
the conversion vocabulary* If p is the ^register containing the word COT, then 
the special word is converted to an sp(p'*'l)«i The previous example can now be 
Xviritten as 

32I IN 

331 ica50 

341 iad60 

351 OUT 

36I ca 100 (15,0) Wl operation is resumed at register 36, 

Generalized Decimal Nimibers 

Several words are included in the CS to facilitate the insertion of 
(m,n) numbers into the computer. 

The most general decimal number which can be converted and stored by the 
Co lias the form V /" 

+ didg* . .djj.djj+i. , .dm X 2*^ X 10 
Such numbers are first converted 1:^ the CCP Into the integer 

+ did2» ••d]j. ••dm. 
The associated exponent of 2 is ^^ and the associated exponent of 10 is 
^ - m + k. This result is then ftirther processed in accordance with the last 
special word (m,n) which appears in the program. This special word causes the 
conversion program to convert all subsequent generalized decimal numbers Into 
(m,n) nijmibers unless it is superseded by another special vord (m2»n2)fl In the 
case of (30,0), (15,15) and (30-j,j) numbers the conBponents of the number are 
stored in consecutive registers,. The special word (15,0) gives us of course a 
single register ntomber* 
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As an example, to store the (24>6) nimbers 2 and 5 in consecutive locations 
write 

. (24,6) 
321 +2. 
34-1 +5. but 34-1 is not necessary. 

It should be emphasized here that all generalized decimal numbers must 
contain at least a sign and a decimal point. 

Two applications of the special word (m,n) are handled by the use of 
further special words. 

The first of these is the special word SINGLE. All generalized decimal 
numbers, converted after this word appears in a program are converted to (15,0) 
numbers. 

The second of these is the special word MULTIPLE. All generalized decimal 
nicnberSj converted after this word appears in a program. are converted to (m^jn^) 
numbers, where (ihi,n-j_) is the last special word (m,n) which appears on the tape. 
It should be noted that the word MULTIPLE in a tape will be redundant unless the 
special word SINGLE occurs between it and the last (m,n) on tape. 

An example of the use of these words is 

(24,6) 

l/\ +*^* r Converted as (24,6) numbers 
SINGLE 

371 +*c 1 Converted as (15,0) numbers 
MULTIPLE 

ZO'I +^* I Converted as (24,6) numbers 

It is assumed for the most part that a generalized decimal number is of a 
magnitude commensurate with the num-ber system into which it is being converted. 
If the number is not commensurate with the number system, an alarm may occur 
or an incorrect number occurs. 

Cycle Control 

The cycle control block of an interpretive subroutine is designed to 
facilitate the writing of cyclic programs and to permit a certain amount of 
"red tape" to be handled in the interpretive mode. 

The heart of the cycle control block is the cycle control register pair. 
This is actually two storage registers located in the interpretive subroutine . 
These registers are called the index register^ whose contents is* a' and the com- 
parison register^ whose contents is"bV 

The following interpreted instructions are now defined: 
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Int . Inst . Function 

icr m (cycle Set the index. register to +0 and the comparison regis tei^ to 
reset) +m. 

ict y (cycle Increase the index register by one and form the quantity 
count) I I a+l| - I b I |- 0. If the quantity is> interpret next 
the instruction in register y. If the quantit:>' is = -0, 
ignore this instruction and reset. the index register to +0. 

If now. one of the interpreted instructions ca,cs, ad, su, inr, dv, t^, ex, 
sp is "written in the form 

ixy 100 c or ixy 100 + c 
the interpretive subroutine first forms the instruction 

ixy (100 + 2a) 
and then executes this instruction. The quantity 100 + 2a is formed instead of 
100 + a since we deal mainly with arithmetic operations on 2 register numbers. 

This procedure is best explained by a simple example. Suppose we wish to 
transfer the (24,6) numbers in 100, 102, 104, and 106 to registers 200, 202, 
204., 206. We could then write 

' 32 I icr 4 Set up for four cycles 

331 ica 100 c Pick up C (100 + 2a) a - 0,. 1, 2, 3 

. 34| its 200 c Store in 200 + 2a a = 0, 1, 2, 3 

351 ict 33 Go thru A cycles. 

Since it will not always be d,esired to operate on (m,n) numbers stored in 
consecutive locations we now define the following interpretive instructions 

Int. Inst. Fimction • 

ici m (cycle Increase the contents of the index register by +m 
increase) 

icd m (cycle Decrease the contents of the indeic register by +m 
decrease) 

As an example of the use of the ici, let us write a program which transfers 
the (24., 6) numbers in registers 100, IO4., 108 and 112 into registers 200, 204, 
208, and 212. We have 

Set up for 4 cycles 
Pick up G(100 + 2a) a = 0, 2, 4, 6 
Store in 200 + 2a a = 0, 2, 4> 6 
Increase contents of index register by 1 
Go thru 4 cycles 

Since most programs usually contain cycles within cycles, the following 
interpretive instruction, which effectively permits one to use more than one 
cycle control register pair, is added to our code to enable these more com- 
plicated programs to be treated effectively. 

Int. Inst. Function 

icx y (cycle Exchange the contents of the index register with C5:(y) and 

exchange) exchange the contents of the comparison register with C(y+l) 



32 


icr 8 


33 


ica 100 c 


34 


its 200 c 


35 


ici 1 


36 


ict 33 
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To illustrate the use of this instruction, suppose that it is desired to 
form four scalar products. There are tw6 sets, each with four four-dimensional 
vectors. The coefficients of each vector are (24.>6) numbersr.. The coefficients 
of the first set of four vectors are stored in four blocks whose addresses 
start with 100, 108, 116 and 124. The coefficients of each vector are stored 
in one block. The coefficients of the second set of fou^ vectors are stored in 
four blocks whose addresses start with 200, 208, 216 and 224* Scalar products 
will be formed with the first vector of the first set and the first vector of 
the second set; the second vector of the first set and the second vector of the 
second set; etc. It is desired to store the results of the. four scalar products 
in a block starting with address 300. Register 4-00 is a register used to store 
the temporary sum. The instructions are as follov/s: 



Set up for 16 cycles 



32 


icr l6 ^ 
icx 60 ^^ 


33 


34 


icr 4 \ 
icx 70 J 


35 


36 


icr 4 


37 


. ica 51 \ 
its 400) 


38 


39 


icx 60 


40 


ica 100 c 


41 


imr 200 c 


42 


iad 4P0 


43 


its 400 . 


44 


ici 1 


45 


icx 60 


46 


ict 39 


47 


icx 70 


4S 


ica 400 


49 


its 300 c 


50 


ict 35 


'^l 


+ •0 



) 



Set up' for 4 cycles - 
Set up for 4 cycles 
Clears register 4P0 

a = 0, 1, 2, 3 

Forms scalar product 

Increase index register by 1 
Go through 4 cycles 

Stores sqalar product 
Go through 16 cycles 



y L- 



hi '/, 



Finally, the following interpreted instructions are added to facilitate the 
handling of "red tape" while in the interpretive mode 



Int . Inst » 

iat y (add and 
transfer) 

iti y (transfer 
index digits) 



Function 



Add the contents of the index register to the C(y) and store 
the result in the index register and register y« 

Transfer the right 11 digits of the index register into the 
right 11 digits of register y. ; 



These instructions primarily serve as a means of transferring the contents 
of the index register into a given storage register. Sii;ce the icr, ici and icd 
instructions enable one to set and change the contents of the index register, 
this register can be looked upon as- an interpretive analogue of the single 
length, fixed point AC, with iti analogous to td, etc. 

The Buffer Register 

Although 2 register are used to store a (30-j,3) number, 3 registers are 
used for the l^JR.A to avoid the time consuming operation of packing the last 15 -j 
digits of the number and the j digits of the exponent into a single register 
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after each interpreted instruction. A further advantage is gained in that any 
sequence of arithmetic operations is performed using 30 digits for the number 
and 15 digits for the e^qDonent. This provides in effect a (30,15) system. The 
results of computation are combined into (30-j,j) number only when the C(^iRA) 
is stored by the instructions Xts andiex. 

The buffer register can be used in any of the instructions 

icab, icsb, itsb, iexb, iadb, isub, imrb 

In all of these cases "b" should be considered to represent a 3 register (30j«15) 
location. Each of the instructions is then carried out as the corresponding 
instruction in a (30,15) interpretive subroutine would be carried out. 

It should be emphasized that the above words represent the complete vocabu- 
lary available using the buffeif symbol b. 

The buffer can be used to store intermediate ^results in a cyclic program, 
and thus rounding off can be avoided Until after the final cycle. 

Automc?:tic Assembly of Interpretive Subroutines 

Interpretive subroutines for computation in the (30,0), (15 ,15) o-nd (30-3,j) 
number systems have been incorporated into the COP in such a v/ay that the t^'pe 
of subroutine and the features of this subroutine which are called for by the 
programmer in the process of writing his program are automatically punched out 
on 5-56 tape. 

The kind of interpretive subroutine se3,ected by the CCP will be determined 
by the value of the last (m,n) appearing on tape, e.g. if this is (30,0), the 
(30,0) interpretive subroutine will be selected. The corresponding (m.,n) suId- 
routine is then punched out onto paper tape if a.iy. interpretive InstT'i^'-'t-ion, i::}/', 
i:^:^ vs'^d. in the program. However, the special word NCTPA (which meanr :M)T Prof;^a]■■■:i:3c 
A■l^it.hz^£•■:.ic) appearing an^i^here on the tape overrides the effect of vrriting the 
interpretive instructions and generalized numbers^ and no PA subroutine is auto- 
matically selected. KCTPA is used if a program^ner wishes to convert (m,n) 
numbers ir.nd use an interpretive subroutine which is not part of the COP or not 
to use r.^Jy Interpretive subroutine. 

Particular interpretive subroutines^ are further specialized in accordance 
with the words appearing in a program. If the single letters b or c are used 
in any of the instructions in the program, then the corresponding buffer and 
cycle control sulAlocks in the particular PA selected are punched out. If these 
letters are not used the corresponding subblocks are not pimched out. Similarly, 
if an idv instruction is used in a program, the division subblock is punched out. 
These specializations are made so that parts of the subroutine which are not used 
will not be read into storage. 

The interpretive subroutines are automatically stored by the CCP in a block 
of registers ending in register 1056. The initial address of the block is found 
by adding up the lengths of the several subblocks punched out and subtracting 
the result from +1057. 



A table of subblocks and their lengths follows: 
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Siibblock 


Words necessary on. tape for read in 


Length 


(30-.j,j). 




. ■ - ■■:.-- . •" 




PA 


Buffer 


final (30-j,j), b 


39 




PA 


final (30-j,j), ixy 


199 




Cycle Count 


final (30-j,j), c 


57 




Divide 


final (30-j,o), idv 

> 


26 


(15,15) 




• 




PA 


PA 


final (15,15), ixy 


113 




Cycle -Count 


final (15,15), c 


57 




Divide 


final (15,15), idv 


9 


(30,0) 








PA 


PA 


final (30,0), ixy 


135 




Cycle Count 


final (30,0), c 


57 
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Interpretive Operations and their functions 



Interpreted Instruction 

ica-'^y 
(* refers to footnote and 
is not part of the instruc- 
tion) 

ics^y 

iad*y 



isu*y 
imr-'^ 
idv^+y 



its*y 
iex*y 

isp-'^ 
sp y 
icp*y 



ita^y 

icr m 
ict y 



Function 



ici m 



Clear the MRA and add into it the (m,n) number in 
location y. 



Clear the MRA and subtract from it the (m,n) 

number in location y. 
Add the (m,n) number in the MRA to the (m,n) 

number in location y and leave the sum in 

the KRA. 
Subtract', from the (m,n) number in the KRA the 

(m,n) number in location y and leave the 

difference in the MRA. 
Multiply the (m,n) number in the MRA by the (m,n) 

niffiiber in location y and leave the product 

in the MRA, 
Divide the (m,n) nianber in the MRA by the (m,n) 

number in location y and leave the quotient 

in the MRA, 
Transfer the (m,n) number in the MEIA to location y. 
Exchange the (m,n) number in the MRA with the (m,n) 

n\3mber in location y. 
Interpret next the instruction in register y. 
Resume (15,0) WWI operation at register y. 
If the (m,n) number in the MRA is negative interpret 

next the instruction in register y; if positive, 

ignore this instruction. 
Transfer the address p+1 into the- right 11 digits 

of register y, leaving the left 5 digits 

unchanged; p being the address of the isp or 

icp most recently interpreted. 
Cycle Reset— set the index register to +0 and the 

comparison register to +m. 
Cycle Count— increase the index register by one 

and form the quantity | a+1 1- |b 1 1 -0. If 

this quantity is >0, interpret next the 

instruction in register y. If the quantity 

is =-0, ignore this instruction and reset the 

index register to +0. 
Cycle Increase— increase the contents of the index 

register by +m. 



This interpretive operation is analogous to the (15,0) WWI operation obtained 
by dropping the initial i from the letter triple which designates it. The 
binary equivalent of the interpretive operation will not however be equal 
to the binary equivalent of the corresponding (15, O) WV7I operation. 



Not available on (30,0). 
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led m Cycle Decrease— decrease the contents of the index 

register by +in. 

icx y Cycle Exchange — exchange the contents of the index 

register vith the contents of register y and 
exchange the contents of the comparison reg- 
ister with* the contents of register y+1 , 

iat y Add and transfer~add the contents of the index 

register to the contents of register y and 
s't;.ore the result in the index register and 
register y, 

iti y Transfer index digits— transfer the right 11 digits 

of the index register into the right 11 digits 
of register y. 
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IV. INPOT/OOTPUT 

Introduction 

The output media currently available for use with the In/Out routine con- 
sist of typewriters, punches, oscilloscopes and magnetic tape units. The latter 
may be used to record data for subsequent print out on a magnetic typewriter 
or as auxiliary storage devices. The oscilloscope may be used in any of three 
ways: 

a) as a curve plotting instrument 

b) to display information in binary form 

c) as- a numeroscope displaying alphabetical or digital characters 
(i.e. "alphanimieric" characters) in any desired layout. 

Following are the relative speeds of the several media for recording alpha- 
numeric characters and also their characters/line limits: 

a) Typewriter 8 characters/sec. 160 characters/line max. 

b) Scope 150 characters/sec. 64 characters/line max, 

c) Magnetic 'Tape - to be used with Magnetic Typewriter 

250 characters/sec. 90 characters/line max. 

The In/Out routine is called into use by three upper case letters. The 
first "specif ies the equipment to be used, the second states whether information 
is to be fed into or out of the computer and the third specifies the type of 
information. The letters used are the initial letters of the following words: 

Drim In. Alphameric (alphanumeric) 

Magnetic Tape ,, Out Binary 

Punch _Curve 

Scope 

Typewriter 

Reader 

Examples of In/Out Instructions 

TOA will print alphameric characters on the typewriter 

SOC will display a curve on the scope 

MIB will transfer binary information into the computer from magnetic tape. 

A typical example of an output instruction is 
iT0A+pl23 . 1234sx2-^^xl0'2 

When the In/Out routine is called upon, it will handle the word currently 
in the AC or MRA. When a number expressed in any number system other than 
(15,0) is to be dealt with, the calling-in letters must be preceded by the 
lower case letter i so that the number will be interpreted. Thus iTOA will 
call in the output routine to print the contents of the MRA on the typewriter . 
At present, the following number systems are available; (30-n,n) with scale 
factor, (30-n,n) without scale factor, (15,0) with scale factor, (15,0) with 
binary point at extreme left, (15,0) with binary point at extreme right. 

When the In/Out routine is required to print, display, or punch a number, 
the calling-in letters must be followed by a specimen number of the following 
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general form where the numbers in parentheses refer to paragraphs below: 

(1)(2) (3) U) (5) (5) 

The components of the nronber have the following meanings: (Note that in 
the following description the word "print" is used to mean print, punch or dis- 
play, depending upon the medium previously selected) • 

(1) + = print the number preceded by its sign 

- = print the number preceded by its sign if the number is negative, other- 
wise just print the number 

signl= print the number with no sign 
omitted) 

note ; By "omitted" we mean that nothing at all is written. We do not mean 
that the word "omitted" is written, 

(2) (=< is a lower case letter) 

(By initial zeros we mean initial zeros at the left of the decimal point.) 

If o^ is i initial zeros are ignored in printing and the first significant 
digit of the number is printed on the extreme left of the column. 

If c< is p initial zeros are printed as spaces. 

If o(. is omitted initial zeros are printed. 

If c»^ is n the number is normalized before printing, e.g., all numbers are 
multiplied by such a power of 10 that the first non-zero sign- 
ificant digit will always be in the same relative position with 
respect to the decimal point • This cannot be used with (15 «0) 
output . 

The actual digits of the numerical part of the specimen number are im- 
material; they merely serve to indicate the number of digits which the pro- 
grammer desires to have printed on each side of the decimal point. Thus 
iTOA + p34.7. 6210s x 2"3 x 10^ would indicate that the programmer wanted 3 
digits to the left and U digits to the right of the decimal point and the 
numbers would be printed in the form ###.####, However, if ^^ is n the number 
would be printed in the form #////. ####xl0^ which is the normalized case. 

(3) If a decimal point is indicated, it will be printed in the position 

indicated. 

If a decimal point is omitted, none will be printed. This is used 

in printing integers. 

If a decimal point is replaced by r, no decimal point will be printed but 

the r Indicates where a decimal point 
would have been placed had there been 
one. 

The latter facility would be of practical use in the case of decimal 
fractions in which it is desired to save printing time by omitting decimal 
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points . Unless one Indicates a decimal point or replaces the decimal point by 
an r, the entire number will be treated as though it were an integer . 

(a) (p is a lower case letter) 

The symbol(s) p^ specify the character(s) with which the printed number 
is to be terminated: 

If Pi is s we get one space 

If Pi is ss we get two ^aces 

If Pi is sss we get three spaces 

If Pi is ssss we get four spaces 

If Pi is c we get a carriage return 

If Pi is t we get a tab 

If Pi is omitted we get no terminating character 

If Pi is f we get format, i.e., the terminating character will be 

determined by the layout section of the In/Out routine which 
is in turn controlled by the Format Specification. (See 
paragraph on Format Specification) 

(5) a) If the number is to be printed as a decimal fraction, then 3* = 0, 5=0. 

b) If the number is to be printed as a decimal integer, then 3^=^ 15 1 i = 0. 

c) Every factor must be preceded by a lower case x. 

. 2fi ^1 <^2 ^2 

d) Any number of factors may be utilized, i.e., 2' -^ x 10 "^ x 10 x 2 etc, 



with the following restriction: l^^y I ^S* I ~ ■^^'^ 



e) Whenever a factor such as 2 or 10 has a zero exponent, that factor may 
be omitted. 

f) If any factor has an exponent of 1, the 1 may be omitted. 

g) The exponents (^i, /"i are signed if negative, and not signed if positive. 

Examples of the use of output instructiors in the (30T-n,n) system follow: 

ex 1: Let the KRA contain the octal number 0.6277574-516 with an exponent of 15 
(octal). 

Thus the number = 0.627757^516 x 2^5 (octal) 

This is equivalent to +.796812369 x 2-^^ and to +.65274.B693 x lO^(decimal). 
Let the output order be iTOA +:nl.234.5678c 

Then the typewriter would print out +6.5274-869/+03-^ where the number at 
the left of the slash is decimal and the number at the right is its 
exponent of 10. Thus the number is actually +6.5274869 x 10^. 

ex 2: Let the MRA contain the octal number 1.1500203261 with an exponent of 15 
(octal). 
Thus' the number = 1.1500203261 x 2l5 (octal). 
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This is equivalent to -.796812369 x 2^3 and to -.65274-8693 x 10^ (decimal). 

Let the output order be iSOA - 12.34.56s x 10"^ 

Then the 'scope would display -00.0652 sp. (see note below) where sp. 

means that a space is provided fbroi the 'scope. 

,n.ote ! At present no provision is made for rounding off to -00.0653. 

In/Out Order Repeated 

A specimen number need not be designated each time the In/Out routine is 
called in. If the calling-in letters are not follov/ed by anything, then the 
In/Out routine will provide exactly the same set up as it furnished for the 
last In/Out specification. By exactly the same we mean that if one wrote iSOA . 
following an iTOA + il2.345s x. 2"^ x 10°, he would automatically get 
ITOA + il2. 34.5s X 2"^ x 10^. If the programmer wants the same In/Out order as 
the last one except for the calling-in letters, he must write out the In/Out 
order in its entirety. • -'' 

Format Specification 

The In/Out routine contains a layout section which may be set by the special 
word; 

FOR < X p X ^ 

a) this word must precede any output order for which it is to be used 

b) the entire word FORMAT may be written instead of FOR, if desired 

c) ©<. represents the n-umber of words/line. (maximum is 15) 

d) nximberso^, p, 3'' should be separated by lower case x |- 

e) B^repre,serits,thg number pf spaces between wprds„ (maximum is 6) 
If a tab IS desired between words then set {3 = 7 

f) -^ represents the nijmber of words per block (typei^iter) 
y represents the number of words per frame ('scope) 

The maximum 3r^ is 511. However, if the programmer has more ihan 511 words 
to be printed,, the block counter becomes automatically reset after each block 
is completed. 

ex 1: Let us suppose that the programmer wishes to type 2500 words in blocks 
of 4-00.. If he specifies that ^ =4-00, then he will automatically get 6 
blocks of 4-00 words each and a seventh block of 100 words. The blocks 
will be separated by 2 carriage returns. In order to get the final 100 
words as a separate block one must heed the following note. 
Note: provision is made for one automatic carriage return at the 
beginning of the Format routine and two at the end of a block. However, 
the programmer should provide carriage returns at the end of his print- 
out if that doesn 't coincide with the end of a block. This carriage 
return order is described in the Special Characters section. 

ex 2: Let us consider ex. 1 if the scope were being used instead of the type- 
writer. The only difference is the restriction on the nimber of lines 
per frame which is 36. However, if the programmer requested 8 words/line, 
4.00 lines/block, he would get 288(8x36) words on one frame and 112(^00-288) 
words on the next frarae since provision is made for automatic indexing at 
the end of 36 lines and at thd end of a block. Thus the programmer would 
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get altogether 6 frarhes of 288 words 'each, 6 frames 'of 112 words each 
and one frame of IOC words. Hov^ever, the last frame of 100 words will 
be obtained only if the following note ,.,is heeded. 

Note: The programmer must provide *the order FR.AI-E in order to index the 
camera at the end of any particular display since it is unlikely that 
the end of a display will coincide v/ ith the filling up of a frame or the 
end of a block. An automatic index is provided at the beginning of the 
display routine. 

Special Characters 

a) One may obtain a -, +, ., p' (space), t (tab) , c (carriage return) at 
any time by merely using the call-in letters followed by any one of the 
above six. 

exs: TOA + gives a + on the typewriter 

SOA c gives a carriage return on the 'scope 

b) The order COL continues the * scope display in the next column, at the 
top of the frame. 

The order FRA takes a picture, and sets the camera up for the next 
frame. 

One may use the entire word COLW'J, FRAME instead of COL, FRA respectively 
but all letters must be upper case. *, 
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V» Conclusion 



At present the CS is entirely on paper tape. Strides have been made in 
the direction of replacing some of the paper taipes with magnetic tapes. The 
latter transition will depend to a considerable extent upon the availability 
of magnetic tape units. At present only one magnetic tape unit is available 
whereas it is considered that three tape units is the optimum number for the 
efficient use of the CS. It is planned to store the CS permanently in the 
magnetic driM as soon as the drum is available. Post-mortems (PM) and Mistake 
Diagnosis (MD) routines will be incorporated into the CS in the near future. 
As soon as new In/Out routines are prepared, they will be incorporated into 
the CS . 



Signed. 



J/' A. 



Signed 



Approved 




C. W. Adams 
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subroutine, 3> 7, 8 
• universal, 3, 7, 8 

Print, 21 

Program, 3 

Programmed Arithmetic, 12 

Punches, 21 



R 



Relative address, 3» 4-> 5, 9 

indicator, 5 
Rules, 8, 9, 10, 11 



Scale factors, 23 

Single-length number, 4- 
fixed point, 4 
floating point, 4- 



Special output characters, 25 
Special words, 4, 10, 11, 13 
Specimen number, 21, 22 
START AT, 4, 9 

i START AT, A, 9, 10 
Stem, 9, 10 
Sub-blocks, 17, 18 

buffer, 18 

cycle count, 18 

divide, 18 

PA, 18 
Subroutine, 5, 8 

parameter, 3, 7, 8 

interpretive, 12, 13 
Syllables, 3, 8, 9, 10, 11 

constant, 3 

parametric, 3 



Tab, 5, 8, 10, 24 

Temporary storage, 3» 4> 8, 9 

Terminating characters, 3, 5 

output^ 23 
Typewriters, 21 

U 
Universal parameter, 3, 7, 8 

V 
Vertical bar, 5 

W 

Words, 3 

output, 4 
program title, 4 
special, 4 

Z 

Zero suppression, 22 



Engineering Note E-4.84. 
6345 



Page 1 of 8 



SUBJECT : POLICY ON OUTSIDE USERS OF WHIRLWIND I 

To J Applications Grovsp Staff 

From: C<, W. Adams 

Date: September 29, 1952 

Abstract: Computer time assigned to the Scientific and Engineering 

Applications Group for use in general purpose work will be 
strictly accounted for. Much of this time will be made 
available to outside users without charge if they will pro- 
gram their own problems and submit adequate written reports 
on their work. Assignment of time to individual users will 
be made hy an Allocation Panel, composed of laboratory staff 
members , with appeal to the MIT Committee on Machine Methods 
of Computation when necessary. Assigned time will be guaran- 
teed as the minimum amount of good time each user will 
receive within a bi-weekly period. Different categories of 
users will have quotas on the maximum amount of time to be 
assigned* Assignments will be made every:^two weeks for no 
more than ten weeks in advance. Extensive records and reports 
will be published on a bi-weekly basis • 

Cdntentst Availability* .••.. 1 

Conditions for Outside Users.. .•...•.•• 2 

Categories of Userso .....o. « •«.*.. .2 

Criteria for Assignment. .oo»«.s9«.^e««..»o«.......«oe...3 

Procedure in Applying for Use of WWI.ooo........o.o..o..3 

Mechanics of Allocation. ...........................oaoe «J+ 

Preparation of Programs • ..o.... ..4 

Training in Programming* •••...... ....•••. .••.»... 5 

Preparation of Tapes* .•.•......•.••.••.•o.ooe9oo..«o..o.7 

Operation of Computer* •**«.**oo.o»«.*...........«...e.«.6 

Precedence in Program Performance. *....... .........6 

Assignment Changes- •• .f.^.. .6 

Reassigned Time* *..*.....' • . .7 

RUSxl J ODS* .**.*.o.*****. .......... . . ........ ...... «.*... f 

Forfeiture* **o**o**...o.«.o...o...e..o..«.......e..«a.eof 

Records* * .•••••.••.••«»«..••• o.o«7 

Bi-weekly Reports* o*... ,....e««. • 8 

Final Reports* ****•. e..«.o««o.^...o.o«e.«.e.**o«e.*o....o 

Availability 

The Whirlwind I Computer is ordinarily operated 24. hoiirs a day, 7 
days a week. Installation of new equipment and maintenance occupies 
considerable machine time. About half the remainder, i.e., about 4-0 
hours per week, is made available imder ONR sponsorship for general 
purpose scientific and engineering computation (S&EC) . This time occurs 
in periods ordinarily of one to four hours duration throughout the week 
according to a schedule which varies slightly from week to week. Most 



Engineering Note Y.-I^U' Page 2 

6345 



of the time for S&EC work occiirs over weekends and duritg^the early 
morning hours (O3OO to 0700)* Deducting time needed for S&EC staff 
work, demonstrations, emergency repairs, etco, some 20 hours per week 
remain which may be safely promised to outside users. The time is 
assigned in small amounts to various categories of users, without 
charge, under the conditions and according to the criteria described 
in this notoo 

Conditions 

An applicant must usually 

1» provide a complete written description of the proposed problem? 

2o obtain the signature of a member of the MIT Faculty attesting the 
value of the solution and the validity of the proposed method of solution; 

3. establish, with the aid of a member of the S&EC proup staff if 
necessary, the feasibility of solving the problem on Whirlwind I within 
a reasonable amount of computer time and calendar time (less than 10 
hours and less than 10 weeks are ordinarily reasonable); 

4.0 be willing to prepare the computer program for the solution of the 
problem himself, or provide a member of his organization to do so, 
assuming reasonable aid in learning and in programming from the S&EC 
group staff; 

5. be willing to prepare a brief progress report in writing every two 
weeks and a final report in writing at the completion of the problem; 

6» release all information about the problem for publication, with 
due credit but without military or commercial secrecy restrictions. 

Categories 

The categories listed below have been established to aid in insuring 
that certain types of more numerous or more influential applicants do 
not entirely deprive other types of applicants, such as thesis students, 
from using the computer. Certain upper limits have been set on the 
amount of time available to each category and time assigned to each 
applicant is charged against his category. The requests of the various 
applicants are therefore judged in comparison to others in the same 
category only. In cases where an applicant can fall equally well into 
more than one category, the choice will be made to the advantage of the 
applicant. Categories are: 

Academic courses, thesis and student research (S) 

Machine Computation Committee Fellowships (F) 

Academic and DIC Departmental Research (M) 

ONR projects (N) 

Digital Computer Laboratory tesearch (D) 

Extended commitments (E) 

Governmental and Industrial Laboratory Research (G) 



Engineering Note E-4.84 Page 3 

6345 



Criteria 

Ordinarily applicants will be assigned either enough time to satis- 
factorily complete their projects or no 1. time at alio Occasionally, a 
reduced amount of time will be offered when this seems justifiable and 
useful Q Preference in the allocation of time will be given principally 
according to the following criteria: 

lo utility of the general method of solution to science and engineering 
generally; 

2o utility of the specific solution to the field in general; 

3o utility of the specific solution to the applicant in particular; 

4- magnitude of the problem relative to the importance of the solution; 

5o efficiency and estimated cost (if charge were to be made) of using 
Whirlwind I relative to efficiency and cost of other possible means of 
solution; 

6* availability to the applicant of other means for solution; 

7. concreteness of the problem and proposed method of solution; 

8o magnitude of problem by absolute.' standards; 

9. efficiency of proposed use of computer by absolute standards; 

ilO. reputation of the applicant generally and as established in any 
previous use of Whirlwind !<, 

Procedure in ATJplying for Use of WWI 

The following procedure will ordinarily be followed in applying for 
the use of the Whirlwind computer: 

lo The applicant will complete and submit to Professor Charles 

Adams form DL-518, Description of Problem Proposed for Solution 
on the MIT Whirlwind I Computer* The form when received will 
be di^ilicated by Cfealid procesffo Handwritten copy, if submitted, 
will be typed and a print returned to the applicant for verif i- 
eatiouo Detailed instructions for completing the form acre pro- 
vided o (see form and instructions attached) 

2. A member of the Scientific and Engineering Applications Group 
will be selected by Adams to contact the applicant and arrange 
a meeting at which the problem can be discussed and the feasi- 
bility of the solution established » At this time also a 
reasonable estimate of the computer time involved will be made 
and added to the Description, along with any necessary ampli- 
fication, corrections and staff -member comments o 
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3« The proposal, if feasible, will be submitted to the S&EC Time 
Allocation Panel at its next bi-weekly meeting for assignment 
of time* Ordinarily, the applicant need not be present at the 
panel meeting, but in some cases he will be asked to present 
and justify his problem and to answeir. questions orally* 

4o When the applicant and the panel cannot reach an a:greement, 
arrangements will be made to refer the question to the MIT 
Committee on Machine Methods of Computation (chairman's 
Professor Po M« Morse) « The Committee recommendation 'WilX '-"i'^-l 
ferdiiisrily be accepted as the final decision o 

Mechanics of Allocation 

The Allocation Panel will assign to each accepted applicant certain 
amoimts of computer time to meet the estimated need in each of the next 
five bi-weekly periods© It is emphasized that an assignment represents 
.total IbimeJ per periodv^ noi a given.hour''onia"'g4ven"da3ro' Priorities 
<Jithiii- a period and carry '•overs to later periods are discussed below© 

In assigning time, care will be taken not to commit all assignable 
time very far in advance o Ordinarily only about 20^ of the assignable 
time for any given period will be assigned at any one bi-weekly meeting 
of the Allocation Panel* In no event will any assignment be made more 
than 10 weeks in advance except fer a problem in the extended commitment 
category (to which are assigned a uniform number of hours per period 
for one year in advance only on recommendation of the Committee on 
Machine Methods of Computation) o Thus time for a given problem will 
ordinarily be available as soon as it can be effectively used, and the 
problem should ordinarily be completed within 10 weeks of the assign- 
ment of time» If major changes of schedules or any increases in 
assigned time are necessary, a formal request must be made and the 
entire situation reconsidered ty the Allocation Panelo 

Allocations, once made by the Allocation Panel, will be adhered 
to as closely and as fairly as, possible o Neither the Digital Computer 
Laboratory nor its staff members will be held legally or morally 
responsible when assigned time has to be postponed, reduced or with- 
drawn due to circumstances beyond the direct control of those involvedo 
No promises of time hinted at, implied or specifically made by any 
person not representing the Allocation Panel or the Committee on 
Machine Methods may be taken as a definite commitment o In particular, 
no allocation of time more than 10 weeks in advance may be considered 
as a definite commitment except in the extended commitment category, 
in which time is assigned one year in advance© 

Preparation of Programs 

The applicant will be solely reponsible for preparing his own 
program to obtain an efficient solution of his problem on the machine o 
A staff member will be assigned only to advise him on specific points 
and. give him whatever help he must have in preparing the program. He 
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may call briefly on the advice or service of any other staff member in 
the S&EC groTip when necessary o He may not expect the laboratory staff 
to prepare detailed programs or do detailed checking for himo 

Each staff member will schediile an individually-prescribed ntimber 
of office hoirrs and will ordinarily be available for consultation only 
during those hours » Appointments and schedules will be coordinated by 
the S&EC Group Staff Coordinator, Room 218, Barta Building. Records 
of the amount of staff time used in connection with each problem will 
be kept by the Staff Qoordinatoro 

Training in Programming 

In addition to the consulting facilities described above, the S&EC 
Group will provide (l) an up-to-date reference maniial, (2) an elementary 
training program, and (3) an advanced seminar p all on programming for 
Whirlwind lo 

The manual will describe the computer, techniques of programming, 
and the generally-adopted procedures for using the standard service 
routines for input, output, exti^a-precision and/or floating point 
operation, function evaluation and mistake location o 

The elementary training program will consist of a series of six 
or seven lectures of two-hour duration presented over a period of two 
weeks by members of the staff o The program will be repeated every two 
weeks, excluding academic vacations, except whenever there is insuffi- 
cient demand. 

The seminar will meet once every iwo weeks to , discuss new develop- 
ments in Whirlwind I hardware or techniques, to hear new suggestions, 
to receive reports from a committee on new suggestions, and to discuss 
any questions or suggestions of general interest o 

The manual and training program will be available to anyone listed 
as a programmer on an approved problem o Others may be included by 
special request to Professor Adams or to the Committee on Machine Methods 
of Computation o The seminar will be open to everyone. The overall 
program will be imder the direction of the Training Supervisor, aided by 
the Training Coordinators Room 21B, Barta Building. 

Preparation of Tapes 

Preparation of punched paper tapes to introduce programs and data 
into the computer is a clerical procedure handled by the Tape Prepara- 
tion Room, sup^rvised by the S&EC Group Tape Preparation Coordinator, 
under the direction of the Operations Supervisor, Room 218, Barta 
Building. A reasonable amount of tape preparation is implicit with an 
allocation of computer time. In some cases special arrangements can 
be made by which an applicant may make tapes of his own, but this is 
not usual procedure. Records of the amount of tape preparation used 
in connection with each problem will be kept by the Tape Preparation 
Coordinator. Requisition forms must be used whenever a new tape is to 
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be prepared or an old one modif iedo Ordinarily, all requests are filled 
within one dayo Rush jobsp so marked $, are handled in two hours or lesSo 
Five minutes is deducted from the computer time assignment for each rush 
tape jobo 

Operation of the Computer 

To increase efficiency^ all computer operation on S&EGiwork is 
performed by one of a group of young operators who specialize in this 
jobo Programmers are not permitted to operate the con^juter for them- 
selves o They may specially instruct the operators in advance or on 
the spot if desired s, subject to all usual time limitations given belowo 
Computer operations are scheduled and supervised by the S&EC Group 
Computer Coordinator, under the direction of the Operations Supervisor » 

Precedence in Program Performance 

) When a program has been submitted to the Tape Room 9 the programmer 
may immediately request the performance of that program <, He must submit 
a request form in which he designates, among other things, the length 
of time which his program is esqjected to takeo If this is less than 
five minutes, he may mark his program "short runo" All requests are 
submitted to the Computer Coordinator in Room 218, Barta Building, where 
they are numbered, marked with the date and hoiar^ and placed in sequence 
as received o During each available computer hour, the programs are 
performed in the order requested, except that 

lo in any hour, request is marked ♦^rush" are dealt with firstpin 
the order received 5 

2o in any daytime hoiirji all ^short runs are performed before any 
long runs (however, a short nm is taken from the machine as 
soon as it runs over five minutes » the five minutes used 
being charged against the assigned time)^ 

3o any request may be delayed (but in no case advanced) p if 
desired, until a particular time or until the programmer 
arrives to watch it rung 

4.0 requests for which no assigned time is available are kept in 
a separate sequence and performed in that sequence only after 
all assigned-time requests are completed o Rush and short runs 
are given no preferential treatment o No unas signed -time request 
may exceed one hour of computer time© If more than one request 
for unassigned time is received from a single programmer, the 
others are kept in special sequence and inserted into the main 
sequence only after the first request has been filled o 

Assignment 

The applicant's "account'! of assigned time in a given period will 
be charged for every second his problem is on the computer o In case of 
computer malfunctions, the operator will start the problem over again 
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v/ith no charge for the false start unless the operating time before the 
failure exceeded five minutes 5, in which case the excess over five minutes 
will be charged o When all assigned time for a particular applicant 
during a given biweekly period has been used ups, JEiis requests for further 
operations will be held until unas signed time becomes available as 
described above or until the start of the next period in which he has 
time assigned o ' 

Reassigned Time , ' 

Assigned .tine unused at the end of a pef*iod will automatically be 
multiplied by a reassignment factor of o5 and added to the assignment 
for the following weeko If the time was unused because the computer 
was unavailable due to malfunctioning the reassignment factor will loOo 

Whenever an applicant realizes that he cannot effectively use his 
time during a given period » he may relinquish any amount of it in 
writing immediately and apply to the Allocation Panel for reassignment^ 
Time relinquished far enough in advance to make it available for other 
assignment will be reassigned to later periods as desired (where possi- 
ble) with a reassignment factor of o75 or greater? time relinquished 
during a period will be reassigned:r«tp later periods as desired (i^ere 
possible) with an reassignment factor of o5 or greatero (Form DL-527sr attached) 

Direct exchanges of assigned time between applicants are permissible<T 
These should be reported immediately to the Computer Coordinator, Room 
218 J to permit suitable changes of record o The ratio of exchange need 
not be one for one o /, In some cases the Allocation Panel or the Operations 
Supervisor may offer relinquished time to other applicants in exchange 
for relinquishing the same amount (or less if circumstances dictate) 
of later assigned timeo 

Rush Jobs 

A request for computer operation marked "rush" will be performed 
before all routine requests «> A rush 30b is charged against assigned 
time at a rate of double time plus five minutes per jobo 

Forfeiture ^■■ 

Whenever no unfilled requests for assigned time are waiting, computer 
time is given without assignment to any requests for which assigned time 
was not available o^ When any appreciable amount of such time is given 
without assignment y all assigned time outstanding for that period may 
be proportionately reduced to compensate (doim to a minimum of 50fo)o 

Records 

Careful records are kept by the Computer Coordinator j both cumula- 
tively and biweekly s> of time requested, .of time assigned, of time useci, 
and of assigned time lost due to unused time, relinquished time, rush 
jobs and forfeiture o These records supplement the records of staff time 
and tape preparation time© 
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Bi~¥eekly Reports 

A biweekly report must "be STibmitted on form DL-525; en or before 
noon on alternate Thiirsdays » Assigned t ime for th!|, following weeks 
will be deducted at a rate of 10 mfjintes tl^ne for el«|i^ working hoiar 
or fraction of tardiness « These reports should be'ibrief but should 
be comprehensible without specialized vocabulary ' (especially of code 
symbols) or extensive knowledge of previous status. Above all, the 
report must explain the disposition of the computer time, staff time, 
and tape preparation time which have been charged against the problem. 
The Panel or the Committee may at any time suspend any' problem for 
which Justification seems inadequate until the applicant has recon- 
vinced the Panel or Committee of the validity of his work. 

Final Reports 

At the completion or abandonment of a problem, . , the applicant must 
prepare a final report describing completely the problem, the methods 
of solution tried, the difficulties encountered, the final program used, 
and the results obtained. In the case of problems running for more 
than tht'ee months, a quarterly progress report must also be prepared in 
which the previous 6 or 7 bi-weekly reports, along with the description 
of the problem, must be condensed into a single, integrated report for 
the quarter. Failure to prepare a final report within four weeks of the 
completion or abandonment of a problem may prejudice consideration of 
future requests for computer time. 

Signe d (i^^^f'iii^^^ 

C. W, Adams 

Attached: 
DL-518 
DL-526 
DL-527 
DL-525 



INSTRUCTIONS FOR THE PREPARATION OF FORM DL-518 



ao Fill out answers to all questions except thosev.-which, after serious 
deliberation, you feel unqualified to answer before discussing the 
matter with a member of the Digital Computer Laboratory staff o 

bo Use a typewriter for all words, black ink for equations and symbols if 
possible o In any event, do not use blue pencil or light blue ink as 
this does not reproduce on Ozalido 

Co Add to the form a supplementary statement, typed on unwatermarked semi- 
translucent white paper 5, describing in some detail the problem, its 
origin, its history to date, its importance, and giving names of 
researchers interested in it and published references if anyo 

do The meaning of the individual questions is given belowo 

lo Give full name with title (cogo, Mr o, Miss, MrSo, Dro, Profo, Colo, etco) 
of person primarily responsible for wanting the problem doneo Then CROSS 
OUT either "associated with" or "representing" to indicate the type of 
affiliation and give name of organization and department p with further 
detail if necessary© Do not use initials unless they can be readily inter- 
pretedo Do not use SELFo A student in math would cross out "representing" 
and write "MIT Math Depto" A student in math assigned to the work as part 
of a Machine Methods Committee Fellowship would cross out "associated with" 
and write "MIT Math Depto, ONR Fellow o" 

2o Give a title which describes the physical problem as briefly as possible, 
followed by and not depending on a brief mention of the mathematical problem 
involved o For example, RLC Circuit Transient Response? second order linear 
differential equations 

3d Summarize the physical and mathematical problem in words and/or 
equations as concisely as possible o 

4.0 List the symbols which represent the independent variables (type I) , 
the parameters or numbers which remain constant during one solution but are 
to be varied from one solution to the next (type P), the dependent variables 
(type D) s, and the constants (type C) o Give their meanings if obvious o 
Arcaa^ them in order of type I, P, D or C and label eacho Indicate the 
ranges, ioeo, the quotient of maximum divided by minimum possible values, of 
eacho Indicate the number of different discrete values each quantity is 
expected to assume during the calculation o 

5o Name and/or describe the numerical procedures to be usedo 

60 Indicate the number of significant digits which are necessary (needed) 
and those which are sufficient (desired) to insure useful results o Cross 
out two of the three choices (known, estimated, guessed) o 

7o Indicate how many complete or partial numerical solutions have already 
been attained by hand or using other computing aidso If none^ write NOo 
If any, indicate about how many man (or girl) minutes were required on the 
average per complete solution o Describe the equipment used (eogoj "2 girls 

DL-526 (over) 



DESCRIPTION OF PROBLEM PROPOSED FOR SOLDTIOH ON THE MIT WHIRLWIND I COMPUTER 

(see instruction on separate sheet) 



!• Submitted "by: 
2« Naiiid:): 



associated with, 
repi^esenting 



3» Brief description of complete problem 
with indication of the part to be 
solved by WWI: 



5o Basic numerical procedures to bp used, 
with approximate number of repetitions 
of each: 



Uo SymbplJ^ Mfianihg, 
Typo, Range, No, 



60 Number of significant decimal digits* desired needed (known, ostimatod, 

guessed) 
7o Numerical solutions have been obtained for ^^ cases, each requiring 

about minutes, by means of s 



8. An analytic solution to the problem. CEinnot be obtained beca\ise: 



9o Programmer(s) : Name, Position, Business Address, Phone, Field of Interest, 

Degree, Date, Experience, Time Available 



10 Q Reference (s): Name, Position, Business Address, Phone, Field of Interest 



Ho SCHEDULE Porlbd 



PrograMnlng hours 



pbtaj - 



Computer MP hours 



Performance hours 



PL-518 



— ->end to ROCM 218i, BARTA BUILDIHG 

SUBJECTS REQUEST FOR WWI TIME FOR SCIENTIFIC AND ENGIMEERiyG COMPUTATION 

To: Charles Wo Adams ^ chalrxnanp S&EC Grot?) Time Allocation Panel 
JffiT Digital Computer Laboratory, Cambridge 39 r Massachusetto 

Fpoms 

Dates 

Title or Number of Problems 



applicant checb/and fill in blanks s 
a or b 

a) I submit herewith form DL-518 
describing a. problem which I have 
discussed in detail with 



. ^of the S5EC Group Staff 

b) I hereby relinquis h of the 
hours which were assigned to me for 
the period ending ol95, 



Action of Panel (to be filled in at Panel 
Meeting) 



Date 



195_ 



Members present 



I request computer time (re) assigned 
as follows § 

for biweekly period ending 



Comments: 



.9 195_! 

.. 195_i 
.. 195_i 
.p 195_i 

TOTAL 



hours 



hours 



no opinion 



(a) request disapproved 

(b) referred to Committee 
(@) assigned as follows 



formar assignment 



Comments s 






NEW ASSIGNMENT 



DL-527 



BIWEEKLY REPORT 



^aend to ROOM 218. BARTA BUILDING 



SUBJECT: PROGRESS ON SCIENTIPIC AND ENGINEERING COMPUTATION PROBLEM # 

To: 

From: 



J. W. Forrester, Director, MIT Digital Computer La"b,, Cam"bridge 39f Mass. 



Covering the two-week period up to 1200, Thursday, 
Names of Programmers Time Spent 



.. 195_ 



Whirlwind I Time (to he filled in hy 





used 

rush johs 
assigned 
unused 
carried 


J\J\JX\JLJ.Xi.tXV\JJ 


used to date 




rush to date 


Associated DCL Staff Memher 


assigned to date 
for next period 
assigned ahead 


requests ] 
tapes prei 
number of 


jrocessed^ 
Dared 
words 


Numbers Total 

















Date initated 



Problem: 



, 195 ; Date to be terminated^ 
tZi Described in Biweekly Report , 195 



.. 195^ 



|Z1 See attached sheet (Description should be as brief and non-technical as 

/L, possible) _ 

(Prepare A,B,C coherently enough to be directly incorporated into the DCL Biweekly J 
A. Results: (describe, indicate significance « v^at fraction of Job is represented; 



(a) Productive computer time fco^^Jation hr min 

(^ output hr min 

B. Difficulties (be very explicit-name exact trouble and cause); 



(b) Time lost to program difficulties 

(c) Time lost to clerical difficulties 
(Sum of (a), (b), (c) shotild equal net time used) 



C. Plans for future: 



hr 



hr 



min 



min 



ahead of 
Expect to complete problem weeks , , . , schedoile, 

dl:525 "~ ''^^^''^ 



WWI PEfiPOBMMCB BEQTDBST fia\^ ^'^ 



svtie^i» 



Pro"b. No, 
□ Rush 



Bate 



Submitted loj^ 
MIT Phone 



Home 



Input 

rni 5-56 tape 

n hasic direct f lexo 

r— i CS direct flexo 

Q 5-56 and Of^^^^ fleio 

Output 



sec. 



operates within^ 

runs • m in. 

1—1 printer, no. lines 

I— n punch, no. inches 

r-n scope & camera, no. frames 

I— I magnetic tape, read _^_____ 

record ___^ 
unit no. 



Programmer 
a^^"°*3 Represent 



approved "by 



time 



Performance 



m short run (5 min. or less) 
n long mm _____ min. 

Program Should 

rn stop automatically on 



m "be stopped manually after 



mm. 



INSTHUCTIONS : (list the sequence in which they are to he operated) 



DL-32M1. 



Performed "by 
Date 
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Memorandum K-1770 Page 1 of 2 



Digital Computer Laboratory 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 



SUBJECT: TAPE PREPARATION REQUISITIONS 

To: S. & E. C. Group and Group 61 

From: M.r.C' Mackey 

Date: December 22, 1952 

Abstract: A new tape preparation form is now in use« This memorandum 

should answer any questions on hov; this form should be filled 
out and submitted. 



Since the form has been generalized in order to satisfy both the 
Scientific and Engineering Computation and the Air Defense groups, it seems 
advisable to issue instructions on how Tape Requisitionslai'e ito" .be submitted. 

Tape Numbers 

The tape number must be written in the proper place on the requi- 
sition. 

See the sections dealing with Mods and parameters for information 
on numbering them. A requisition covers either a mod or a parameter. One 
requisition may not be used for both. 

Problem Numbers 

Space for Problem number is allowed for the S. & E. C. group. 
This must be filled in by members of this group or any outsiders working 
v/ith this group. 

Modifications 

Mod ; numbers stecrt with zero and are increased by 1 for each additional 
mod. If the registers and their contents which are to be typed constitute a 
complete program, please indicate this by checking the block provided. 

If these registers are changes in a previous program they are 
attached to this tape. The programmers must indicate the tape and mod to 
which they wish this information attached. The same is true of additions to 
a tape. 

Parameters 

Parameter tapes are always kept separate from the main program. 
They should be numbered starting with zero and increased by 1 for each new 
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parameter. If the programmer wishes to change certain registers in a parameter, 
he must use the next- highest parameter number and indicate the parameter tape 
to which he wishes these changes attached. As far as our records are concerned, 
there is no other provision made for modifications ool parameters. 

Addresses 

One of the blocks dealing with the addresses should be checked depending on 
whether they are octal or decimal. 

Form 

The 'form in which the information is to be typed should be Indicated. 
Since the Direct Read-in Program (for tapes left in Standard form) occupies 
registers 1250 thru 2037 (octal) , a program must be converted to 5^5^ form if 
it occupies any of these registers. 

The. Comprehensive System of Service Routines (CS) will process tapes using 
floating addresses, generalized decimal numbers and interpretive routines. 

The number of registers to be punched manually in 5-56 form may not exceed 

Other Information 

The author's name, room and telephone number should be given. 

The register to which control is transferred after read-in should be placed 
after the words START AT on the requisition. If your program starts at an 
interpreted order be sure to put an "i" before the words START AT. 

Because of the lack of space for filing tapes and manuscripts, our motto 
has become "When in doubt, throw it out I" All previous mods or parameters 
(depending on which the request is for) will be discarded imless they are 
circled in the space provided on the tape preparation requistion. 

Programmers may request that the tape be completed by a certain time by 
fllligg in the blank labeled "Needed by" in the upper left-hand comer of the 
requisition. However, this does not mean that the tape will be ready at this 
time. All requests are filled in order of receipt and the time needed to pre- 
pare a tape will vary according to the work load at that time. 

Clear, legible manuscripts and a requisition with the necessary information 
carefully indicated will help us to operate quickly and efficiently. 



Signed^ 



XA 




M. C. Mac] 

Approved (f^. ^^If-. ^^ ,<^/ <r/ n-Tl^A / 

G. W. Adams ^joLu^C^ 



TAPE PREPARATION REQUISITION 



Rec»d 

Needec 

Prep. 


at 


I by 


Time 





I I This is a complete tape 

I lAttach to 

I — I Type and leave in Standard Form 
I — 1 Type and convert to 5-^6 Form 

I — 'Type for OS Conversion 

□ f V~\ Basic 
Type in Subroutine Formi r~ 

1"1 ^ □ CS 

I — iPunch manually in ^-56 Form 

I I Type exactly as indicated 



Tape # 
Author 



Mod # 
Param # 

Rm 



Ext 



Problem # 



Approved by 



I I Octal addresses are used 

\ I Decimal addresses are used 



(address of zero temp, reg. 



START AT 



Special Instructions 



Discard all previous ^°^s except those circled 0123lt56789 



Typed by 



Printed by 



Duplicated by 
DL-^90-2 



Proofread by 
Corrected by 
Filed by 



IB e.v^<\ l\ o^ t^G 



Typlat 



Tape Preparation Complaint 

Programmer ^ 

iSrrorsj 

I I Error in typetnrltten copy 

at rego read 

at rego ' read 
I I additional errors marked on attached prograim print 

|-_J Error in 5*°5~6 tape as marked on the tape 
Liincorrect character 
. LItomitted character 
I I improper structure 



Tape # 
Date 



jL&stead.of 
instead of 



Causes 



Jnvestigated "by 



Date 



The tape 



va9 
was not 



checked < 



Dianxial errors, operator 
J machine error j punch ^ 



manual duplication error,, operator 

__J machine duplication errorp punch .^ 
[no punched tape error 



typewriter -_ 



reader 



S\uiiinarys (Error ocenrred on (date) 

LZj transient, reader . 

[ J transient, punch . 

Ljtransiente typewriter 

L_ZIunknown cause (theory: 



.X. 



Additional Comments 



at (time) 



I [ equipment ^ t)reakdown 

L Itransie^it, computer . 

[ I manual, operator 



)< 



rOBM SL-SSl 



X 



POWMS OF TWO 
2^ X 2"^ 



2 


1 


A 


2 


8 


3 


16 


4 


32 


5 


64 


6 


128 


7 


256 


8 


512 


9 


10?/, 


10 


2048 


11 


4096 


12 


8192 


13 


L6384 


U 


32768 


15 



>5 

>25 

,125 

,0625 

.03125 

,01562 5 
,00781 25 
,00390 625 
,00195 3125 
,00097 65625 

,00048 82812 5 
,00024 41406 25 
>00012 20703 125 

,00006 10351 5625 

,00003 05175 78125 



65536 


16 


1 31072 


17 


2 6?!/,/, 


18 


5 ?/,?88 


19 


10 48576 


20 


20 97152 


21 


a 94304 


22 


83 88608 


23 


167 77216 


24 


335 54432 


25 


671 O8864 


26 


1342 17728 


27 


2684 35456 


28 


5368 70912 


29 


10737 41824 


30 



X 2 



21474 83648 
42949 67296 
85899 34592 
71798 69184 
43597 38368 



6 87194 76736 

13 74389 53472 

27 48779 06944 

54 97558 13888 

109 95116 27776 

219 90232 55552 

439 8O465 11104 

879 60930 22208 

1759 21860 44416 

3518 43720 88832 

7036 87441 77664 
14073 74883 55328 
28147 49767 ID656 
56294 99534 21312 

1 12589 99068 42624 

2 25179 98136 85248 
4 50359 96273 70496 
9 00719 92547 40992 

18 01439 85094 81984 
36 02879 70189 63968 

72 05759 40379 27936 

144 11518 80758 55872 

288 23037 61517 11744 

576 46075 23034 23488 

1152 92150 46O68 46976 

2305 84300 92136 93952 

4611 68601 84273 87904 

9223 37203 68547 75808 

18U6 74407 37095 51616 

36893 488I4 7a91 03232 



31 
32 

33 
34 
35 

36 
37 
38 
39 
40 

a 
42 

43 

44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 






. 00001 52587 89062 5 
>* 76293 94531 25 
,* 38I46 97265 625 
,* 19073 48632 8125 
»* 09536 74316 40625 

,* 04768 37158 20312 5 
.* 02384 18579 10156 25 
»* 01192 09289 55078 125 
»♦ 00596 04644 77539 0625 
.* 00298 02322 38769 53125 

,* 00149 01161 19384 76562 5 
,* 00074 50580 59692 38281 25 
.* 00037 25290 29846 19140 625 
.* 00018 62645 14923 09570 3125 
,* 00009 31322 57461 54785 15625 



OQOO4 65661 28730 77392r;578i;2 5 

00002 32830 64365 38696' 28906 25 
OODCa. 16415 32182 69348 '14453 125 

58207 66091 34674 07226 5625 
29103 83045 67337 O36I3 28125 

14551 91522 83668 51806 64O62 5 
07275 95761 a834 25903 32031 25 
03637 97880 70917 12951 66015 625 
01818 98940 35458 56475 83007 8125 
00909 49470 17729 28237 91503 90625 

00454 74735 O8864 64II8 95751 95312 5 
00227 37367 54432 32059 47875 97656 25 
00113 68683 77216 16029 73937 98828 125 
00056 843a 88608 O8OI4 -86968 99414 0625 
00028 42170^94304 040P7 43484 49707 03125 

00014 21085 47152. 02003 71742 24853 51562 5 
00007 10542 73576 01001 85871 12426 75781 25 

00003 55271 36788 00500 92935 56213 37890 625 
00001 77635 68394 00250 46467 78106 68945 3125 



o^HHf 88gi7 84197 00125 23233 89053 34472 65625 

0*** 44408 92098 50062 61616 94526 67236 32812 5 
o-*** 22204 46049 25031 30808 47263 336I8 16406 25 
o^H^ 11102 23024 62515' 65404 23631 66809 08203 125 
0*^ 05551 11512 31257 82702 11815 83404 5aoi 5625 
o*>^ 02775 55756 15628 91351 05907 91702 27050 78125 

,*** 01387A77878 07814 45675 52953 95851 13525 39062 5 
,4Hf* 00693 88939 03907 22837 76476 97925 56762 69531 25 
0**^ 00346 94469 51953 614I8 88238 48962 78381 34765 625 
^^MHf 00173 47234 75976 80709 44119 24481 39190 67382 8125 
^^JH»# 00086 73617 37988 40354 72059 62240 69595 33691 40625 

„*** 00043 368O8 68994 20177 36029 81120 34797 66845 70312 5 
,4HW 00021 68404 34497 10088 68014 90560 17398 83422 85156 25 
,*** 00010 84202 17248 55044 34007 45280 08699 41711 42578 125 
^-sw* 00005 42101 O8624 27522 17003 72640 04349 70855 71289 0625 
,4w* 00002 71050 54312 13761 08501 86320 02174 85427 85644 53125 

^!^; 00000 



